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TTTLE OF THE INVENTION 

CYCUC AMIDINE ANALOGS AS INHIBITORS OF NITRIC OXIDE 
SYNTHASE 

5 BACKGROUND OF THE INVENTION 

This application is directed to inhibitors of Nitric oxide 
synthase, and in particular cyclic amidines. 

10 Nitric Oxide in Biology. 

The emergence of nitric oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 

15 times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels; nitric oxide 
derived from these cells relaxes smooth muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 

20 cells such as platelets and neutrophils as well as on smooth muscle, both 
of the blood vessels and also of other organs such as the airways. In the 
brain and elsewhere nitric oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitric oxide 
appears to be produced in small amounts on an intermittent basis in 

25 response to various endogenous molecular signals. In the immune 
system nitric oxide can be synthesized in much larger amounts on a 
protracted basis. Its production is induced by exogenous or endogenous 
inflanmiatory stimuli, notably endotoxin and cytokines elaborated by 
cells of the host defense system in response to infectious and 

30 inflammatory stimuli. This induced production results in prolonged nitric 
oxide release which contributes both to host defense processes such as 
the killing of bacteria and viruses as well as pathology associated with 
acute and chronic inflammation in a wide variety of diseases. The 
discovery that nitric oxide production is mediated by a unique series of 

35 three closely related enzymes, named nitric oxide synthases, which utilize 
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the amino acid arginine and molecular oxygen as co-substrates has 
provided an understanding of tbe biochemistry of this molecule and 
provides distinct phannacological targets for the inhibition of the 
synthesis of this mediator, which should provide significant beneficial 
5 effects in a wide variety of diseases. 

fjftrir fWiHft Synthases 

Nitric oxide and L-citrulline are formed from L>arginine via 
the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-arginine, 02 and NADPH are 
cosubstrates while FMN, FAD and tetrahydrobiopterin are cofactors. 
NOSs fall into two distinct classes, constitutive NOS (cNOS) and 
inducible NOS (iNOS) . Two constimtive NOSs have been identified. 
They are: 

(i) a constimtive, Ca++/calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 
response to receptor or physical stimulation, 

(ii) a constimtive, Ca++/calmodulin dependent enzyme, located 
in the brain (ncNOS or NOS 1) and elsewhere, tfiat releases 
NO in response to receptor or physical stimulation. 

The third isoform identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca"^ independent enzyme which is induced after 
25 activation of vascular smooth muscle, macrophages, 

endodielial cells, and a large number of other cells by 
endotoxin and cytokines. Once expressed, ^s inducible NO 
synthase produces NO in relatively large amounts for long 
periods of time. 

30 

Spectral smdies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown tfiat these enzymes (which has been classified 
as P-450-like enzymes from their CO-difference spectra) contain a heme 
moiety. The structural similarity between NOS and die P- 



10 



15 



20 
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450/flavopiotein complex suggests that the NOS reaction mechanism 
may be similar to P-450 hydroxylation and/or peroxidation. This 
indicates that NOS belongs to a class of flavohemeproteins which contain 
both heme and flavin binding regions within a single protein in contrast 
to the multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 

Distinct Functions of NO Produced by Different NTitric 
Oxide Synthases. 

The NO released by the constitutive enz3nnes (NOS 1 and 
NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et. al.. FEES 
Letters, 316, 175*182, 1993) which is present in the brain and a number 
of peripheral tissues, the other for an enzyme present in endotfielium 
(NOS 3) (Marsden et. al., FEES Letters, 307, 287-293, 1992). This latter 
ctnymc is critical for production of NO to maintain vasorelaxation. A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (GeUer et. al, PNAS, 90, 3491-5, 1993), and identified in more than 
a dozen other cells and tissues, including smooth muscle cells, 
chondrocytes, the kidney and airways. As with its counterpart from the 
murine macrophage, this enzyme is induced upon exposure to cytokines 
such as gamma interferon (IFN-y), interleukin-ip (IL-IP). tumor necrosis 
factor (TNF-a) and LPS (lipopolysaccharide). Once induced, iNOS 
expression continues over a prolonged period of time. The enzyme does 
not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al., Pharmacol Reviews. 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 
have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan, FASEB J., 6, 3051-64, 1992) for fighting mmour cells and 
invading microorganisms (Wright et al.. Card Res., 26 ,48-57. 1992 and 
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Moncada et al.. Pharmacological Review, 43, 109-142, 1991). It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by the NOS 2. 

5 NO generated by NOS 2 has been implicated in the 

pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by LPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-arginine (Kilboum et. al, PNAS, 87, 3629- 
32, 1990). Conditions which lead to cytokine-induced hypotension 

10 include septic shock, hemodialysis (Beasley and Brenner, Kidney Int., 42, 
Suppl., 38, S96--S100, 1992) and IL-2 therapy in cancer patients (ffibbs 
et. al, J. Clin, Invest., 89, 867-77, 1992). NOS 2 is implicated in these 
responses, and thus the possibility exists that a NOS inhibitor would be 
effective in ameliorating cytokine-induced hypotension. Recent smdies 

15 in animal models have suggested a role for NO in the patfiogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et. al., J. 
Pharmacol. Exp. Ther., 264, 11-16, 1990) and cerebral ischemia and 

20 arthritis Galenti et. al, Br. J. Pharmacol .. 110, 701-6, 1993; Stevanovic- 
Racic et al, Arth. & Rheum., 37, 1062-9, 1994). Moreover transgenic 
mice deficient in NOS 1 show diminished cerebral ischemia (Huang et. 
al. Science, 265, 1883-5, 1994). 

Furdier conditions where there is an advantage in inhibiting 

25 NO production from L-arginine include therapy with cytokines such as 
TNF, n^l and IL-2 or therapy with cytokine-inducing agents, for 
example 5, 6-dimethylxanthenone acetic acid, and as an adjuvant to short 
term immunosuppression in transplant therapy. In addition, compounds 
which inhibit NO synthesis may be of use in reducing the NO 

30 concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
autoimmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthritis, chronic bowel disease and systemic lupus erythematosis (SUE). 
5 It is also thought that an NO synthase enz3rme may be involved in 

insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
the present invention provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducing therapy, as an adjuvant to short term immunosuppression in 
10 transplant therapy, for the treatment of patients suffering from 

inflammatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

SUMMARY OF THF y NVENTFON 

15 

The invention disclosed herein encompasses compounds of 

Formula I 

I 

20 

and phannaceutically acceptable salts thereof which have been found 
useful in the treatment of nitric oxide synthase mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflammation. These diseases and disorders 

25 include hypotension, septic shock, toxic shock syndrome, hemodialysis 
related conditions, tuberculosis, cancer, IL-2 therapy such as in cancer 
patients, cachexia, immunosuppression such as in transplant therapy, 
autoinmiune and/or inflammatory indications including simbum, eczema 
or psoriasis and respiratory conditions such as bronchitis, asthma, 

30 oxidant-induced lung injury and acute respiratory distress (ARDS), 
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glomerulonephritis, restenosis, inflammatory sequelae of viral infections, 
myocarditis, heart failure, atherosclerosis, osteoarthritis, rheumatoid 
arthritis, septic arthritis, chronic or inflammatory bowel disease, 
ulcerative colitis, Crohn's disease, systemic lupus erythematosis (SLE), 

5 ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes, insulin-dependent diabetes mellims and cystic fibrosis. 
Compounds of Formula I are also usful in the treatment of hypoxia, 
hyperbaric oxygen convulsions and toxicity, dementia, Alzheimer's 
disease, Sydenham's chorea, Parkinson's disease, Huntington's disease, 

10 amyotrophic lateral sclerosis (ALS), multiple sclerosis, epilepsy, 

KorsakofTs disease, imbecility related to cerebral vessel disorder, NO 
mediated cerebral tramna and related sequelae, ischemic brain edema 
(stroke), sleeping disorders, eating disorders such as anorexia, 
schizophrenia, depression, pre-menstrual syndrome (PMS), urinary 

15 incontinence, anxiety, drug and alcohol addiction, pain, migraine, emesis, 
immune complex disease, as immunosupressive agents, acute allograft 
rejection, infections caused by invasive microorganisms which produce 
NO and for preventing or reversing tolerance to opiates and diazepines. 



20 HFTATLED DR SCRTPTTON OF THE INVENTION 

The invration disclosed herein encompasses compounds of 



Formula I 



R4 Rs. 



25 I 



and pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3or4 
30 X is selected from CH2. O, S and NH, 
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R], R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) Ci.i2alkoxy. 

5 (c) Cl-l2alkylS(0)k wherein k is 0, 1 or 2. 

(d) mono C 1 - 1 2alkylamino, 

(e) (di-Ci-i2alkyl)amino, 

(f) Ci.i2alkylcarbonyl, 

(g) Ci.i2alkyl, 
10 (h) C2-12alkenyl. 

(i) C2-12alkynyl, 
(j) Cs-iocycloalkyl, 

(k) hetero C5- 1 ocycloalkyi, wherein the hetero C5- 1 ocycloalkyl 
optionaUy contains 1 or 2 heteroatoms selected fix>m S. O 
15 andN, 

(1) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 



20 



25 



30 



(1) 


benzimidazolyl. 


(2) 


benzofiiranyl. 


(3) 


benzooTcazolyl, 


(4) 


fiiranyl. 


(5) 


imidazolyl. 


(6) 


indolyl, 


(7) 


isooxazolyl. 


(8) 


isothiazolyl, 


(9) 


oxadiazolyl, 


(10) 


oxazolyl. 


(11) 


pyrazinyl. 


(12) 


pyrazolyl. 


(13) 


pyridyl. 


(14) 


pyximidyl. 


(15) 


pyrrolyl. 


(17) 


isoquinolyl. 
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(18) tetrazolyL 

(19) tfaiadiazolyl, 

(20) thiazolyl, 

(21) thienyl,and 
5 (22) triazolyl. 

(n) amino, 
(o) oxo, 
(p) C(0)OH. 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
10 orCl-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) caiboxy, 

1 5 (3) -NR6R7, where R7 is selected fit)m hydrogen, phenyl, 

cyclohexyl or Ci.6alkyl, 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0)kR6. 

20 (7) halo selected from F, Q, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7, 

or when two members of the group Rl, R2 and R3, including the 
optional substituents present thereon, reside on the same 

25 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionaUy be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 

30 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionaUy containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substiments present thereon, resides on an atom 
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adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
5 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N, O or S, 

R4. R5 and Rsa are each indq>endendy selected from the group 
consisting of 
10 (a) hydrogen, 

(b) linear and branched Cl-I2alkyl, optionally mono or di- 
substituted, the substiments being independently selected 
from 

(1) hydroxy, 

15 (2)carboxy, 

(3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6. 

20 (7) halo selected from F, CI, Br and 1. 

(8) phenyl, optionally mono or di-substituted with 
hydroxy, halo, Cl-4alkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9. where Rg and R9 are each independentiy 
hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Ci-6alkyl 
25 optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein Rio and Ri 1 are each 

independentiy H, Cl.6alkyl, phenyl or benzyl, 

(5) -ORlo, 

(6) -C(O)ORi0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 
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(9) optionaUy substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 
5 (1 1) OptionaUy substittited C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-10cycloalkyl wherein 
hetero cycloalkyl and hetero cycloalkyl substituents 
10 are as defined above, 

(d) -C(S)NR8R9, 

(e) -C(0)R9. 

(f) -C(0)0R9, 

(g) -C(S)R9. 
15 (h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
20 n is 0, 1,2, 3 or 4, 

X is selected from CH2> O, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
25 (b) Ci.6alkoxy, 

(c) Cl-6alkyIamino, 

(d) Ci-6alkylcarbonyl, 

(e) Ci.6alkyl, 

(f) C2-6alkenyl, 

30 (g) C5, C6 or Crcycloalkyl, 

(h) hetero C5 or C6 cycloalkyl,wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected ft^om S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl. 
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(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 





(1) 


fiiranyl. 




(2) 


pyiazinyU 


5 


(3) 


pyrazolyl. 




(4) 


pyridyl. 




(5) 


pyrimidyl. 




(6) 


thiazolyl. 




(7) 


thienyl, and 


10 


(8) 


tiiazolyl. 



each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7, where R6 and R7 are each independentiy 

hydrogen, phenyl or Ci-4allcyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I. 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri . R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I. said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides diere is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycie 
optionally containing up to three hetero atoms selected from 
5 N, O or S. 

R4, Rs and R5a are each independently selected from the group 

consisting of 

(a) hydrogen, 

(b) linear and branched C 1 .6alkyl, optionally mono or di- 
10 substituted, the substiments being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 
15 (4).OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. where k is 0, 1 or 2. 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NRgR9, where R8 and R9 are each independently 
20 hydrogen, phenyl, cyclohexyl or C 1 ./jalkyl, said C 1 -4alkyl 

optionaUy substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRic^i 1 , wherein Rio and R 1 1 are each 

independently H, Cl.4all^l, phenyl or benzyl, 

(5) -ORlO. 

(6) -C(O)ORi0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 
30 (8) halo selected from F, CI, Br and I, 

(9 optionally substimted aryl wherein the aryl and 

substituents are as defined above, 
(10) optionally substituted heteroaryl wherein the heteroaryl 

and substiments are as defined above. 
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(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

whoein the hetero cycloalkyl and substituents are as 



(i) cyclohexyl, 
such that R4 is present only when side a is a single bond and side b is a 
double bond. 



Within this genus is the class of compounds of the formulae 



wherein 

X is selected from CH2, S and NH, 

Rl. R2 and R3 are each independendy selected from the group consii 
20 of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl, said Cl.4alkyl 

being optionally mono or di- substituted the substiments 
being independendy selected from 
25 (1) carboxy. 



(2) -NR6R7, wherein R6 and R7 are each independendy 

hydrogen or Cl-3alkyl, 

(3) -OR6, 

(4) -C(0)0R6, 

(5) -S(0)kR6. where k is 0, 1 or 2. 



(d) 
(e) 
(f) 
(g) 
(h) 



defined above, 
-C(S)NR8R9. 



-C(0)R9. 
-C(0)0R9. 
-C(S)R9, 
phenyl. 
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R4 is selected from the group consisting of 
(a) hydrogen, 

G)) -C(0)NHR9, where R9 is hydrogen or C 1 ^alkyl, said C 1 - 
4a]kyl optionally substituted by 
5 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1 , wherein RlO and R 1 1 arc each 

independendy 
10 Cl-salkyl, 

(5) -ORio. 

(6) -C(O)ORl0, 

(7) -S(O)mRl0» where m is 1 or 2, 

(8) halo selected from F, CI, Br and I. 
15 (c) -C(S)NHR9; 

(d) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 
20 (c) -C(S)NR8R9. 

(d) Ci-3alkyl. 

As sqipreciated by those of skill in the art the additional 
carbon members of the Formula I ring, "( )n" and defmitions "CH2" and 
"NH" under X, provide available positions for the substiments Rl. R2 or 
25 R3. 

When any variable (e.g. Rl. R2, R3. R4, R5» R6. R7, R8. 
Ra, k, n, p etc.) occurs in any position of a compound of Formula I, its 
definition on each occurrence is independent of its definition at every 
other occurrence. 

30 Accordingly, in one aspect the invention disclosed herein 

encompasses compounds of Formula I 
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"5a 

I 

and phannaceutically acceptable salts thereof wherein 
5 side a or side b has a double bond, 
nisO, 1,2, 3or4 

X is selected from CH2, CRl2Rl3, O, S(0)m, NH, and -N(C i-6alkyl)-, 
m is 0, 1 or 2, 

Rl . R2, R3, Rl2 and R13 are each independendy selected from the group 
10 consisting of 

(a) hydrogen. 

(b) Ci.i2alkoxy, 

(c) Ci-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono Cl-l2aIkylamino, 
15 (e) (di-Ci.i2alkyl)amino, 

(0 Cl-l2aIkylcarbonyl, 

(g) Ci-i2alkyl, 

(h) C2-12alkenyl, 

(i) C2-12alkynyl, 
20 (j) C5-10cycloalkyl, 

(k) hetero C5- locycloalkyl.wherein the heteio C5- 1 Ocycloalkyl 
optionally contains 1 or 2 heteroatoms seleaed from S, O 
andN, 

(1) aryl, selected from phenyl or naphtbyl, 
25 (m) heteroaryl, wherein heteroaiyl is selected from the group 

consisting of: 

(1) benzimidazolyl, 

(2) benzofiiranyl, 

(3) benzooxazolyl, 
30 (4) fiiranyl, 

(5) imidazolyl. 
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(6) 


indolyl, 




(7) 


isooxazolyl. 




(8) 


isothiazolyl, 




(9) 


oxadiazolyl. 


5 


(10) 


oxazolyl. 




(11) 


pyrazinyl. 




(12) 


pyrazolyl. 




(13) 


pyridyl. 




(14) 


pyrimidyl. 


10 


(15) 


pynolyl. 




(17) 


isoquinolyl. 




(18) 


tetrazolyl. 




(19) 


thiadiazolyl. 




(20) 


thiazolyl. 


15 


(21) 


thienyl, and 




(22) 


triazolyl. 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

20 (q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 

orCl.6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 

the substiments being independendy selected from 
(1) hydroxy. 
25 (2) caiboxy, 

(3) -NR6R7. where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6a]kyl, 

(4) -OR6, 

(5) -C(0)OR6. 
30 (6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=:NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 
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or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
carbon atom of Formula I, or two of the group Rl, R2 and 
R3, including the optional substituents present thereon, 
5 reside on adjacent atoms of Formula I, said two members 

may optionally be joined, such that together with the atom to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionaUy containing up to three hetero 

10 atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substiments present diereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together widi the N 

15 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optioiially containing up to tiiree hetero atoms selected from 
N. O or S, 

20 with the proviso that one of Rl 2 and R 1 3 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci.i2alkyl, optionally mono or di- 
25 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
30 (4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6, 

(7) halo selected from F, Q, Br and I, 
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(8) phenyl, optionally mono or di-substituted with 
hydroxy, ludo, Cl.4alkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9» where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Cl-6alkyl 
5 optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) caifooxy, 

(4) -NRl(^l 1, wherein RlO and R 1 1 are each 

10 independently H, Cl-6all^li phenyl or benzyl, 

(5) -ORia 

(6) -C(O)ORl0, 

(7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

15 (9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionaUy substituted C5-10cycloalkyl wherein 

20 cycloalkyi and cycloalkyi substituents are as defined 

above, 

(12) optionaUy substituted hetero C5.lOcycloa]kyl wherein 

hetaro cycloalkyi and hetero cycloalkyi substituents 
are as defined above, 
25 (d) .C(S)NR8R9. 

(e) -COR9, 

(f) -C(0)0R9, 

(g) -C(S)R9. 

(h) phenyl, 

30 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
m is 0, 1 or 2, 
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nis 0, 1,2, 3 or 4. 

X is selected from CH2. CR12R13, O, S(0)m NH, and -N(Ci.6alkylK 
Rl, R2. R3, R12 and R13 are each independently selected from the 
group consisting of 
5 (a) hydrogen, 

(b) ....Ci.6alkoxy. 

(c) Ci.6alkylamino, 

(d) Ci.6alkylcart)onyl, 

(e) Ci.6alkyl, 
10 (f) C2.6alkenyl, 

(g) C5, C6orC7cycIoalkyl. 

(h) hetero C5 or C6 cycloalkyl,whercin the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected fix)m S, 
O and N, 

15 (i) aiyl, selected from phenyl or naphthyl, 

(j) heteroaryl. wherein heteroaiyl is selected from the group 
consisting of: 

(1) Airanyl, 

(2) pyrazinyl, 
-0 (3) pyrazolyl, 

(4) pyridyl, 

(5) pyximidyl, 

(6) diiazolyl, 

(7) tfaienyl, and 
^ (8) triazolyl, 

each of (b) to Q) being optionally mono or di- substituted the 
substituents being independendy selected from 

(1) hydroxy, 

(2) carboxy, 

0 (3) -NR6R7, where R6 and R? are each independendy 

hydrogen, phenyl or Ci-4alkyl, 

(4) -OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 
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(7) halo selected from F, CI, Br and I. 
or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on die same 
atom of Foraiula I, or two of the group Rl , R2 and R3, 
5 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
10 monocyclic ring optionaUy containing up to three hetero 

atoms selected from N, O or S, 
or when a member of the group Ru R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
1 5 optionally be joined with R4« such that together with the N 

on which R4 resides and die carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
20 N, O or S, 

with the proviso that one of Rl2 and Rl3 is other than hydrogen, 
R4, R5 and R5a are each independendy selected from the group 
consisting of 

(a) hydrogen, 

25 (b) linearandbranchedCl.6alkyl, optionally mono or di- 

substituted, the substiments being independendy selected 
from 

(1) hydroxy, 

(2) carboxy, 

30 (3) -NR6R7, 

(4) ^R6. 

(5) .C(0)0R6, 

(6) -S(0)kR6^ where k is 0, 1 or 2, 

(7) halo selected from F, Q, Br and I, 
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(c) -C(0)NR8R9. where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Ci.4alkyl 
optionally substituted by 
(1) hydroxy. 
5 (2) amino, 

(3) carboxy, 

(4) -NRlC^i 1, wherein Rio and Ri i are each 

independentiy H, Ci-4alkyl. phenyl or benzyl, 

(5) -ORio, 

10 (6)-C(O)ORi0. 

(7) -S(0)mRia where m is 0, 1 or 2, 

(8) halo selected from F, C3, Br and I. 

(9) optionally substimted aryl wherein the aryl and 

substiments are as defined above, 
OO) optionaUy substimted heteroaryl wherein the heteroaiyl 
and substituents are as defined above, 

(11) optionaUy substimted C5 or C6 cycloalkyl wherein the 

cycloalkyl and subsdtuents are as defined above. 

(12) optionally substimted hetero C5 or C6 cycloalkyl 

^0 wherein the hetero cycloalkyl and substiments are as 

defined above. 

(d) -C(S)NR8R9. 

(e) -COR9. 

(f) -C(0)0R9, 
25 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 

30 

Within this genus is the class of compounds of the formulae 
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Ri,R2.R3-r L _ ^ JL n 



R4 or R 



4 



wherein 

X is selected from CRl2Rl3. S(0)m and -N(Cl^alkyl)-, 
Rl,R2. R3» R12 and Rl3 are each selected from the group consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) linear and branched C l -4alkyl or linear and branched C l - 
4alkoxy. wherein said Cl-4alkyl or Cl-4alkoxy is optionally 
mono or di- substituted the substituents being independendy 

10 selected from 

(1) caiboxy, 

(2) -NR6R7, wherein R6 and R7 are each 

independendy hydrogen or Ci-3alkyl, 

(3) -OR6. 

15 (4) -C(0)0R6, 

(5) -S(0)kR6. where k is 0. 1 or 2, 
witii the proviso that one of R12 and R13 is other than hydrogen, 
R4 is selected from the group consisting of 
(a) hydrogen, 

20 (b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said C l - 

4alkyl optionally substimted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRloRl h wherein RlO and R 1 1 are each 

iudependendy 
Ci-3alkyl, 

(5) -ORlO. 

(6) -CCOORlO. 

30 (7) -S(O)mRl0. where m is 1 or 2. 

(8) halo selected from F, CI, Br and I, 
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(c) -C(S)NHR9; 

(d) Ci.3alkyl; 

R5 is selected from the group consisting of 
(a) hydrogen, 
5 (b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) Cl-3alkyl. 

In an alternative embodiment the invnetion is directed to 
1 0 compounds of the formulae 



or ° 



R4 



wherein 

Xis -N(Ci.3alkyl)-. 

15 Rl, R2 and R3 are each independently selected from die group 
consisting of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl. said Ci.4alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein Re and R7 are each independently 

hydrogen or Cl.3alkyl, 

(3) -C(0)OR6, and 

25 (4) -S(0)kR6. where k is 1 or 2. 

(c) hydroxy. 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci.3allcyl; 

30 R5 is selected from the group consisting of 
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(a) hydrogen, 

Cb) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl. said 
Ci-4alkyl optionally substituted by 
(1) hydroxy, 
5 (2) amino, 

(3) caiboxy, 

(4) -NRloRl 1, wherein RlO and Rl 1 are each 

independently 
Ci-3alkyl, 
10 (5) -ORlO. 

(6) -C(O)ORl0. 

(7) -SRiO. and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NR8R9. 

(d) Cl-3alkyl; 

Within this embodiment is the genus of compound of the 

formulae 



Rz N 



N 

20 '^4 or 



wherein 

Xis -N(Cl-3alkylK 
Rl and R2 are each selected from 
25 hydrogen or linear and branched C 1 ^alkyl, said C 1 -4alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 
30 hydrogen or C l .3alkyl, 
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(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2. 
R4 is selected from the group consisting of 

(a) hydrogen, 
5 (b) Cl-aalkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
Ci-4alkyl optionally substituted by 

10 (1) hydroxy, 

(2) amino, 

(3) carfooxy, 

(4) -NRioRl 1 . wherein Rio and Rn are each 

independently Ci-Salkyl, 
15 (5) -ORlO, 

(6) -C(O)ORi0. 

(7) -SRio, and 

(8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F. Q, Br and I, 
20 (c) -CSNR8R9. 

(d) Ci-salkyl. 

Widiin this genus are the compounds of the formulae 

or R4 

25 wherein 

Xis -N(Ci-3alkylK 

Rl is selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Ci-4alkyl 
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being optionally mono or di- substituted the substituents 
being independentiy selected from 

(1) caiboxy, 

(2) -NHR7, wherein R6 and R? are each independentiy 
5 hydrogen or C l-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 
R2 is linear and branched C i^alkyl, 

R4 is selected from the group consisting of 
10 (a) hydrogen, 

(b) Ci-salkyl; 
R5 is selected from the group consisting of 

. (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci^alkyl, said 

15 Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carfooxy, 

(4) -NRioRl 1 , wherein RlO and R n are each 
20 independentiy 

Ci.3alkyl, 

(5) -ORlO. 

(6) -C(O)ORi0. 

(7) -SRiO. and 

25 (8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I. 

(c) -CSNR8R9. 

(d) Cl-3alkyl. 
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Exemplifying the invention are the compounds of Examples 
1 through 161. 

As appreciated by those of skill in the art, compounds of 
5 Formula I include those wherein there is a double bond at side a or b such 
as those shown in Formula la or lb or tautomeric forms thereof: 



R4 «5a 

la lb 
As also appreciated by those of skill in the art, compounds 
1 0 of Formula 1 wherein or when two members of the group R 1 , R2 and R3 
are joined together to form a ring are intended to include such formulae 
as: 

Rsa or Rsa or ^5. 
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wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or 

Similarly, compomids of Formula I wherein a member of the 
group Rl, R2 and R3 resides on an atom adjacent to the N on which R4 
5 resides and forms a ring therewith may be iUustrated by: 

wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S 

10 In one preferred aspect the compoimds of the invention are 

of the formulae 

R3 R3 ?3 

^^4 or ^4 or ^ ^4 



wherein 

15 X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

G>) linear and branched C 1 -6alkyl, wherein said C 1 -6a]kyl 
20 is optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or Cl-3alkyl, 
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10 



15 



20 



(3) -OR6. 

(4) -C(0)OR6. 

(5) -S(0)kR6. where k is 0, 1 or 2, 

(c) hydroxy, 

(d) Ci.6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -Salkyl, said C l - 
3alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1 , wherein RlO and R 1 1 are each 

independently Cl-3a]kyl, 

(5) -ORlO, 

(6) -C(O)ORl0, 

(7) -S(O)mRl0. where m is 0. 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9; 

(d) Cl.3alkyl; 

R5 are each independendy selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 

(c) -C(S)NR8R9. 

(d) -Ci-3alkyl. 



In a second preferred aspect the compounds of die invention 



have cis stereochemistry at the ring junction and are of the formula 
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wherein p is 1 or 2, and 

R3 and the ring foimed by the joining of Rl and R2 are optionaUy mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
5 (2) caiboxy, 

(3) -NR6R7. where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 
10 (6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7. 

15 Within this second preferred aspect are the compounds 

wherein 

R3 is selected from 

hydrogen, hydroxy or linear and branched C] lalkyl, said 
Ci.4alkyl, 

20 optionally mono or di- substituted the subsdtuents being 

independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or C 1 -Salkyl, 
25 (3)-C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2; 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

30 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C i -4alkyl, said 
Ci.4alkyl optionally substituted by 

(1) hydroxy. 
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(2) amino, 

(3) carboxy, 

(4) -NRloRl 1. wherein Rio and Ri i are each 

independently 
5 Ci-salkyl. 

(5) -ORio. 

(6) -C(OX)RlO. 

(7) -SRlQ, and 

(8) -S(O)mRl0. where m is 1 or 2. 
10 (9) halo selected from F, Q, Br and I, 

(c) -C(S)NR8R9. 

(d) Cl-3alkyL 

For purposes of this specification alkyl is defined to include 
linear, branched, and cyclic structures, with Cl-6alkyl including methyl, 

15 ethyl, propyl, 2-propyl, s- and t-butyl. butyl, pentyl, hexyl, cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl. Similarly, Cl-6alkoxy is 
intended to include alkoxy groups of from 1 to 6 caibon atoms of a 
straight, branched, or cyclic configuration. Examples of lower alkoxy 
groups include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, 

20 cyclohexyloxy, and the like. Likewise. Ci.6 alkylthio is intended to 
include alkylthio groups of from 1 to 6 carbon atoms of a straight, 
branched or cycUc configuration. Examples of lower alkylthio groups 
include methyldiio, propylthio, isopropylthio, cycloheptylthio. etc. By 
way of illustration, the propylthio group signifies -SCH2CH2CH3. 

Heteroaryl includes, but is not limited to fiiran, thiophene, 
pynole, isoxazole, isothiazole, pyrazole. oxazole. thiazole, imidazole, 

1.2.3- oxadiazole, 1^,3-thiadiazole, 1,23-triazole, 1.3,4-oxadiazole, 

1.3.4- thiadiazole, 1.3,4-triazole, 1,2,5-oxadiazole, 1.2.5-thiadiazole, 
pyridine, pyridazine, pyrimidine, pyrazine, 1^,4-triazine, 1,3,5-triazine 

30 and 2.4,5-tetrazine. 

As outlined in the summary of flie invention, the compounds 
of the instant invention are useful for in the treatment of a number of 
NOS implicated diseases. The implication of these diseases is well 
documented in the literature. For example, with regaid to psoriasis, see 
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Ruzicka et. al, J. Invest Denn., 103: 397 (1994) or Kolb-Bachofen et. 
al. Lancet, 344: 139 (1994) or Bull, et al., J, Invest. Derm., 
103:435(1994); with regard to uveitis, see Mandia et. al. Invest 
Opthalmol., 35: 3673-89 (1994); with regard to type 1 diabetes, see 
5 Eisieik & Leijersfam, Diabetes & Metabolism. 20: 1 16-22 (1994) or 
Kroncke et. aL, BBRC, 175: 752-8 (1991) or Welsh et. al, Endocrinol, 
129: 3167-73 (1991); with regard to septic shock, see Petros et. al. 
Lancet, 338: 1557-8 (1991),Thiemennann & Vane, Eur. J. Pharmacol., 
211: 172-82 (1992), or Evans et. al, Infec. Imm., 60: 4133-9 (1992), or 

10 Schilling et. al. Intensive Care Med., 19: 227-231 (1993); with regards to 
pain, see Moore et. al, Brit. J. Pharmacol., 702: 198-202 (1991), or 
Moore et. al, Brit. J. Pharmacol., 108: 296-97 (1992) or MeUer et. al, 
Europ. J. Pharmacol, 214: 93-6 (1992) or Lee et. al, NeuroReport, 3: 
841-4 (1992); with regard to migraine, see Olesen et. al, TIPS, 15: 149- 

15 153 (1994); ynih regard to rheumatoid arthritis, see Kaurs & Halliwell, 
FEES Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadler 
et. al, J. Immunol, 147: 3915-20 (1991); with regard to inflammatory 
bowel disease, see Miller et. al. Lancet, 34: 465-66 (1993) or Miller et. 
al, J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma, 

20 see Hamid et. al. Lancet, 342: 1510-13 (1993) or Kharitonov, et. al. 
Lancet, 343: 133-5 (1994); with regard to Immime complex diseases, see 
Mulligan et. al, Br. J. Pharmacol., 107: 1159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et. al, PNAS, 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafiiji et. al, Neurosci., 147: 159- 

25 62 (1992) or Buisson et. al, Br. J. Pharmacol., 106: 766-67 (1992) or 
Trifiletti et. al, Europ. J. Pharmacol, 218: 197-8 (1992); with regard to 
toxic shock sjrndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et. al. Lancet, 344: 373- 
4 (1994); with regard to ulcerative colitis, see Boughton-Smith et. al. 

30 Lancet 342: 338-40 (1993); and with regard to adierosclerosis, see White 
et. al, PNAS. 91: 1044-8 (1994); with regard to glomerulonephritis, see 
Miihl et. al, Br. J. Pharmcol, 112: 1-8 (1994); witfi regard to Pager's 
disease and osteoporosis, see Lowick et. al, J. Clin. Invest., 93: 1465-72 
(1994); with regard to inflanmiatory sequelae of viral infections, see 
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Koprowski et. aL, PNAS, 90: 3024-7 (1993); with regard to retinitis, see 
Goureau et. al., BBRC. 186: 854-9 (1992): with regard to oxidant induced 
lung injury, see Berisha et. al, PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., J. Invest. Derm., 103:395(1994); with regard 
5 to acute allograft rejection, see Devlin, J. et Transplantation, 58:592- 
595 (1994); and with regard to infection caused by invasive 
microorganisms which produce NO, see Chen, Y and Rosazza, J.P.N., 
Biochem. Biophys. Res. Comm., 203:1251-1258(1994). 

The phannaceutical compositions of the present invention 

1 0 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
pharmaceutically acceptable earner and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic acids or bases 

15 including inorganic bases and organic bases. Salts derived from 

inorganic acids include aluminum, anmionium, calcium, copper, ferric, 
ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from 

20 pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine. betaine, caffeine, choline, N,N-- 
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2- 

25 dimethylaminoethanol, ethanolamine, etiiylenediamine, N- 

ethylmoipholine, N-ethylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, moipholine, 
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamine, trimethylamine, tripropylamine, tromethamine, and the 

30 like. 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the phaimaceuticaUy acceptable salts. 
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The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
S Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 

10 pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 

15 phosphate; granulating and disintegrating agents, for example, com 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 

20 gastrointestinal tract and thereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4,256,108; 4,166,452; and 
4,265,874 to form osmotic therapeutic tablets for control release. 

25 Formulations for oral use may also be presented as hard 

gelatin capsules wherein the active ingredient is mixed with an inert sohd 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein the active ingredient is mixed with water 
or an oil medium, for example peanut oil, liquid paraffin, or ohve oil. 

30 Aqueous suspensions contain the active material in 

admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose, methylcellulose, hydroxy- 
propylmetiiycellulose, sodium alginate, polyvinyl-pyrrolidone, gum 
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tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide* for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide 
5 with long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial 
esters derived fix>m fatty acids and hexitol anhydrides, for example 
10 polyethylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

15 Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 

20 above, and flavoring agents may be added to provide a palatable oral 

preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by the addition of water provide the active 

25 ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 

30 The pharmaceutical compositions of the invention may also 

be in the form of an oil-in- water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or arachis oil, or a mineral oil, for 
example liquid paraffln or mixtures of these. Suitable emulsifying agents 
may be naturally-occurring phosphatides, for example soy beans, lecithin. 
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and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example soibitan monooleate, and condensation products 
of the said partial esters widi ethylene oxide, for example 
polyoxyediylene soifoitan monooleate. The emulsions may also contain 
5 sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for exan^>le glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 
10 form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to tfie known art using those 
suitable dispersing or wetting agents and suspending agents which have 
been mentioned above. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a non-toxic parenterally- 
1 5 acceptable diluent or solvent, for example as a solution in 1 ,3-butane diol. 
Among the acceptable vehicles and solvents that may be employed are 
water. Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be 
20 employed including synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic acid find use in the prq>aration of injectables. 

Compounds of formula I may also be administered in the 
form of a suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the drug with a suitable non- 
25 irritating excipient which is solid at ordinary temperatures but liquid at 
the rectal temperature and will therefore melt in the rectum to release the 
drug. Such materials are cocoa butter and polyediylene glycols. 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing the compound of Formula I are employed. 
30 (For purposes of this application, topical application shall include mouth 
washes and gargles.) 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 
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above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. For example, inflammation may be effectively treated by 
the administration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
5 3.5 g per patioit per day, preferably 2.5 mg to 1 g per patient per day. 

The amount of active ingredient that may be combined with 
the carrier materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. For 
example, a foimulation intended for the oral administration of humans 

1 0 may contain from 0.5 mg to 5 g of active agent compounded with an 
appropriate and convenient amount of cairier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 
of an active ingredient. typicaUy 25 mg, 50 mg. 100 mg, 200 mg, 300 mg, 

15 400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg. 

It will be understood, however, that the specific dose level 
for any particular patient will depend upon a variety of factors including 
the age, body weight, general health, sex. diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
20 severity of the particular disease undergoing therapy. 
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Assav Protocol for NOS acrivitv 



NOS activity is measured as the foimation of L-[2,3,4,5- 
3H]Citrulline from L-[2,3A5-3H]Arginine. The incubation buffer (100 
5 nL) contained; 100 mM TES. pH 7.5. 5 \lM FAD, 5 ^iM FMN, 10 ^iM 
BH4, 0.5 mM NADPH, 0.5 mM DTT. 0.5 mg/mL BSA. 2 mM CaC12. 10 
ILg/mL calmodulin (bovine). 1 \iM L-Arg, 0.2 \iCi L-[2.3.4.5-3H]Arg. 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
by addition of enzyme. Incubations are performed at room temperature 

10 for 30 minutes and stopped by the addition of an equal volume of 

quenching buffer consisting of 200 mM sodium citrate. pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
Percent inhibition is calculated relative to enzyme incubated without 

1 5 inhibitor according to: % inhibition = 100 x (cpm L-[2,3.4.5-3H]Cit with 
inhibitor / cpm L-[2,3.4.5-3H]Cit without inhibitor). 

Illustrative of the utility of the compounds of Formula I is 
the ability of such conq>ounds to inhibit NO synthase as shown in Tables 
20 1-5 and as measured by the assay described above: 
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TABLE2 
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TABLE3 
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TABLES 



Stereochem ical Preferences for NOS Inhibition 
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Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature but none are reported to be 
inhibitors of NO Synthase. In one method outlined in scheme 1 and 
5 illustrated in Example 2, the compounds axe prepared by reacting a 
cyclic iminoether with an appropriate amine or its salt such as a 
hydrochloride, hydrobromide, sulfate, alkyl sulfonate, acetate etc at a 
temperature between 0-100 oC. The required intermediate iminoether 
substrates can be prepared by O-alkylation of the corresponding lactam 

10 by reagents such as methyl trifluoromethanesulfonate, trimethyloxonium 
fluoborate, methyl sulfate etc. Other methods for preparation of 
iminoether known in the art of organic synthesis may also be employed. 
Many of the lactam starting materials are commercially available or they 
can be obtained by literature procedures. One useful method for the 

15 preparation of substimted lactams is illustrated in example 1 . 



SCHEME! 



(R1.R2.R3) 

or 

N O MeOTf 

M 



€1 



(Ri,R2,R3) 



N OMe 



20 



(R)2NH.HCI 



(R11R21R3) 



R 



Another method for preparing compounds of this invention 
is shown in scheme 2. In this method a thiolactam is first reacted with an 
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alkylating agent such as methyl iodide or methyl sulfate and the resulting 
iminothioether salt is reacted with an amine to furnish the desired 
amidines. The thiolactam substrates for this process are known in the 
Uterature or they can be prepared from the corresponding lactam by 
treatment with reagents such as P2S5 or Lawesson's reagent (2.4-bis(4- 

methoxyphenyl)-l,3-didiia-2,4-diphosphetane-2,4-disulfide) as illustrated 
in example 3. 

SCHEMF2 

(R1.R2.R3) pe ^ (R1.R2.R3) 

'fi ^ n 

N O Lawesson's N'''^S 

R4 Reagent R4 



a. Mei 

b. RNH. 



R4 



(Ri.R2»R3) 



Alternatively, the cyclic amidine compoimds may also be 
synthesized from acycUc precursors as described by Garigipati (Tet Lett 
15 21, 1969-1972 (1990) ). In this method (Scheme 3) an amino nitrile is 
converted to an aluminum amide by reaction with an alkylaluminum 
reagent such as trimethylaluminum and in situ cyclization of this 
intermediate furnishes the desired amidines. 
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SrHEME3 

(Ri.R2,R3) (R1.R2.R3) 



(( 

NH ^N-^NH 



5 Alternatively, the cyclic amidine compounds may also be 

synthesized from substituted or unsubstituted 2-aminopyridines by the 
method of Freifelder (M. Freifelder. R. W. Mattoon, Y. H. Ng, J. Org. 
Chem.. 29, 3730-3732 (1964)) employing catalytic hydrogenation under 
acidic Conditions (Scheme 4). Hie addition of acid during the 
10 hydrogenation is important (T. B. Grave, J. Am. Chem. Soc. 46, 1460-1470 
(1924)) 

SCHEME 4 
(Ri,R2.R3) (R1.R2.R3) 



'N NH2 H* ^ 

H 



Cyclic amidines may also be prepared from acyclic 
precursors as shown in scheme 5 and demonstrated in example 6. Thus, a 
Michael addition of a nitroalkane to an acrylate ester by the method of 
20 Bunce and Drumright (Org. Prod. Prep. Int. 19, 471-475 (1987)) leads to 
an ester of 4-mtrobutyric acid. Reduction of the nitro group and 
cyclization gives a lactam which is converted to an amidine by the 
procedures described in scheme 1 or 2. 
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SCHEME5 




Many cyclic amidines claimed in this specification can have 
5 stereoisomers and such individual stoeoisomers may be prepared from 
chiral lactams. Numerous methods for the synthesis of stereochemically 
pure lactams have been described in literature. One such method using 
amino acids as starting materials is described by Reetz and Rohrig 
(Angew. Chem. Int. Ed. Engl 28. 1706-1709 (1989)) and is shown in 
10 scheme 6. The key feature of this procedure is the stereospecific addition 
of organometallic reagents to an unsaturated ester and the reversal of the 
stereoselectivity with an unsaturated malonate. thus allowing synthesis of 
two diastoeomers from the same aldehyde intermediate. 
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Schemg 6 



NH2 



CO^H 3 steps 



(EtO)2POCH2C02Et 



N(CH2ph)2 



CH2(C02Me)2 
Cm(OIPr)3 



(CI^Ph)2N CXD^Me 



Me2CuLi 



Me 



""TV 

(CH2ph)2N COgMe 



Me. 



a. Add 

b. Base 



I 

H 

(4R.5S) 



-COjEt 



N(CH2ph)2 



MezCuLi 



N(CH2Ph)2 



a. H2, Pd 

b. Base 



H 

(4S,5S) 



5 

Synthetic methodology also exists for the preparation of 
chirally substituted 2-imino-piperidines. As shown in Scheme 7. addition 
of organocuprates to the 0-/err-butyldimethylsilyl-protected (S)-(-)- 
5(hydroxymethyl)-2(5H)-furanone fi derived from A (available from 
1 0 Aldrich Chemical Co., Milwaukee, WI) will yield stereoisomer Q (S. 
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Hanessian and P. J. Murray, Tetrahedron , 43, 5055-5072 (1987)). 
Deprotection of Q 3aelds the &ee alcohol ^ which is converted to lactam £ 
by described methodology (C. Heideis and D. Waibel, Arch. Pharm, 
(Weinheim) 1991, 324, 269-274). Treatment with Meerwien's salt followed 
5 by reaction with ammonium chloride in refluxing ethanol yields chiral 2- 
imino-piperidines I and J. Other substituents and substitution patterns are 
available by analogous chemical manipulations from described 
intermediates (S. Hanessian, Aldrichimica Acta 22, 3-15 (1989)). 

10 SCHEVrR7 




Another method for the synthesis of chiral amidines is 
shown scheme 8. This synthesis utilizes commercially available 
15 individual enantiomers of citronellic acid that allow preparation of chiral 
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10 



2-inimopipendmes. Treatment of methyl citronellate with ozone and 
further oxidation of tiie intermediate gives an acid which was used in a 
Curtius reaction to furnish A upon reaction with benzyl alcohol. 
Hydrolysis, cyclization and removal of the Cbz group of A leads to a 
chiral lactam (B) and reaction of B with trimethyloxonium fluoroborate 
followed by NH4CI as detailed in scheme 1 furnishes a cyclic amidine. 
Citionellic acid is also a useful starting material for chiral 5-methyl-2- 
iminopiperidines as shown in scheme 9. In this case citronellic acid is 
first subjected to the Curtius reaction to give a protected amine (C). 
Cleavage of the double bond of C by ozone and further oxidation directly 
leads to D and this lactam is converted to an enantiomerically pure 
amidine in 3 steps. 



15 



Scheme 8 
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Scheme 9 



k CO3H 
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R-Citroneliic 
acid 




a. (PhO)2PON3 



b. PhCHzOH 



a Hj. Pd(OH)fe 



b. Me30BF4 
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a. Oa. CH2CI2 

b. Jones 




Cbz 



10 



Citronellic acid can also be used in the synthesis of chiral 
4,5-disubstituted 2-iminopiperidines as shown in shown in scheme 10. 
This method relies on stereoselective alkylation using the oxazolidone 
chiral auxiliary developed by Evans (7. Amer. Chem. Soc. 104. 1737- 
1739 ( 1982)) and the product is then converted to E. Ozonolysis of the 
double bond of E and cyclization of the resulting aldehyde gives F. 
Treatment of F with ozone foUowed by further oxidation gives an amino 
acid which is cyclized to a chiral lactam (G). Usual transformation of G 
furnishes cyclic amidine. 
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Scheme 10 
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The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 

All operations were carried out at room or ambient 
10 temperature, tiiat is» at a temperature in tiie range 18-25*'C; evaporation of 
solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.5-30 nmi- Hg) with a bath temperature of up to 
60®C; the course of reactions was followed by thin layer chromatography 
(TLC) an: eaction times are given for illustration only; melting points 
15 are unconccted and *d' indicates decomposition; the melting points given 
are those obtained for the materials prepared as described; polymorphism 
may result in isolation of materials with different melting points in some 
preparations; the structure and purity of all final products were assured by 
at least one of the following techniques: TLC, mass spectrometry. 
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nuclear magnetic resonance (NMR) spectrometry or microanalytical data; 
yields are given for illustration only; when given, NMR data is in the 
form of delta (5) values for major diagnostic protons, given in parts per 
million (ppm) relative to tetrametfaylsilane (TMS) as internal standard, 
5 determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t. triplet; m. multiplet; br. broad; £i£.: in addition "Ar" signifies 
an aromatic signal; chemical symbols have their usual meanings; the 
following abbreviations have also been used v (volume), w (weight), b.p. 
1 0 (boiling point), m.p. (melting point), L Giter(s)), mL (milliliters), g 
(gram(s)), mg (milligrams(s)), mol (moles), mmol (millimoles), eq 
(equivalent(s)). 
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EXAMPLE 1 

3-Methvl-2-piperidone 

5 

Step A: l-fl.2-diph envl-2-hvdroxv^etfavl-3-methvlpii>eridine. 

A mixture of 1.96 g (10 minoles) of commercially available 
trans-stilbene oxide and 990 mg (10 imnoles) of 3-methyl piperidine was 
10 heated one day in refluxing ethanol. The solvent was then removed in 
vacuo to give the desired amino alcohol in quantitative yield. 

Step B: 1 -( 1 .2-diphenvl-2-hvdroxv)etfavl-3-methvl-2-piperidone & 

1 -( 1 .2-diphenvl-2-hvdroxv^ethvl-5-methvl-2-piperidone 

15 

A mixture of the crude amino alcohol(10 mmoles) from step 
A, 6-39 g (20 nmioles) of mercuric acetate and 7.5 g (20 mmoles) of 
ethylene diamine tetraacetic acid disodium salt in 80 mL of 1% acetic 
acid in water was heated to reflux 1.5 hrs. After cooling the reaction 

20 mixture, methylene chloride was added and the mixture was swirled 
around to dissolve all organic matter. The organic and aqueous layers 
were decanted from the shiny metallic mercury by-producL The aqueous 
layer was separated and extracted further with methylene chloride. The 
combined organic layers were washed with water and saturated sodium 

25 chloride solution. After drying over anhydrous magnesium sulfate, 

solvent was removed to give a brown crude product, which was puridfied 
on silica gel using 1:3 ethyl acetate and hexane mixture to give 639 mg of 
l-(l,2-diphenyl-2-hydroxy)ethyl-3-methyl-2-piperidone and 1.5 g of l- 
( 1 ,2-diphenyl-2-hydroxy )ethyl-5-methyl-2-piperidone. 

30 

Stgp C: 1 -(1 .2-diphenvl-2-oxo^ethvl-3-methv] -2-piperidone. 
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0.7 mL of 8N Jones reagent was added dropwise to an ice- 
cooled solution of 620 mg (2 mmoles) of l-(l,2-diphenyI-2- 
hydroxy)ethyl-3-methyl-2-piperidone in 10 mL of acetone. The reaction 
mixture was then stirred one hour. 1 mL of isopropyl alcohol was added 
5 and the mixture was stined 10 minutes. The solvent was then removed in 
vacuo. The residue was stirred with water and ethyl acetate until all 
solids dissolved. The aqueous phase was separated and extracted with 
ethyl acetate. The combined ethyl acetate phases were washed with 
water and saturated sodium chloride solution. After diying over 
10 anhydrous magnesium sulfate, the solvent was removed in vacuo to 
afford the desired lactam ketone as foam in quantitative yield. 

Stgp X>, 3-Methvl-2-niperiHnnft 

15 A mixture of 550 mg (1 .8 nmioles) of l-(l,2-diphenyl-2- 

oxo)ethyl-3-methyl-2-piperidone and 715 mg (11 mmoles) of zinc dust in 
8 mL of glacial acetic acid was heated to reflux for 1 day. The mixture 
was cooled and filtered and the solids washed with ethyl acetate. The 
filtrate was concentrated to ~5 mL. 25 mL of toluene was added and the 

20 solvents were removed in vacuo. The residue was dissolved in ethyl 

acetate and made basic with cautious addition of concentrated ammonium 
hydroxide. The initially formed precipitate dissolved upon further 
addition. After stirring 10 minutes, anhydrous magnesium sulfate was 
added in excess. After 20 minutes, the solids were filtered and washed 

25 with ethyl acetate. The filtrate was concentrated to give a residue which 
was purified on silica gel using 1:1 mixture of ethyl acetate and hexane 
first and then using 10% methanol in ethyl acetate to give 148 mg of 3- 
methyl-2-piperidone as fluffy solid. 

30 iH NMR(CDCl3): 3.3 (m. CH2N); 2.48 (m, CH2C=0); 1.45-2.0 (m, 
CH2's); 1 .24 (d, CH3); 5.95 (b,NH) 

Following the above procedures, the following lactams were synthesized: 
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5-Methvl-2-piperidone: 

iH NMR(CDC13): 3.3 & 2.92 (m, CH2N); 2.35 (m. CH2C=0); 1.4-2.0 
(m. CH2's); 1.0 (d, CH3); 6.1 (b.NH) 

4-Methvl-2-piperidone: 

iH NMR(CDCl3): 3.35 (m, CH2N); 2.48 & 2.8 (m. CH2C==0); 1.35-2.04 
(m, CH2's); 1.04 (d, CH3); 6.05 (b,NH) 

4-PrQpvl-2-piperidone: 

iH NMR(CDC13): 3.32 (m. CH2N); 2.5 & 1.98 (m, CH2C=0); 1.25-1.95 
(m, CH2*s); 0.90 (t, CH3); 6.1 (b,NH) 

5.5-Dimethvl-2-piperidone: 

iH NMR(CDCl3): 3.01 (s, CH2N); 2.38 (t, CH2C=0); 1.60 (t, CH2); 
1.04 (s, CH3's); 6.1(b,NH) 

3.5-Dimethvl-2-piperidone: 

iH NMR(CDC13): 3.3 & 2.9 (m, CH2N); 2.52 (m, CHOO); 1.56-2.1 
(m, CH2's); 1.0 & 1.28 (d, CH3's); 5.95(b,NH) 

4-Ben2vl-2-piperidone: 

iH NMR(CDC13): 3.3 (m, CH2N); 2.62 (m, CH2C=0); 1.35-2.48 (m, 
CH2's); 7.1-7.3 (m. Aromatic); 6.05 (b,NH) 

4-Ethoxvcaibonvl-2-piperidone: 



BNSOCX:!D: <WO 96148'44A1_I_> 



wo 96/14844 



PCTAJS9S/14812 



-65- 

iH NMR(CDCl3): 4.16 (q; CH2O); 3.35 (m, CH2N); 2.60 (d, 
CH2C=O);2.80 (CHCOOEt); 1.82-2.16 (m, CH2's); 1.24 (t, CH3); 6.58 
(b,NH) 
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1 ,2.3.4-Tetrahvdro-l -Quinolone: 

iH NMR(CDa3): 3.6 (t, CH2N);3.0 (t, CH2); 7.2-8.05 (m. Aromatic); 
6.6 (b,NH) 

5 

4-Ethoxvcarbonv 1-2-piperizinone: 

iH NMR(CDCl3): 4.26 (q, CH20);4.12 (s. NCH2C=0); 3.38 & 3.66 (b, 
CH2*s); 1.26 (t, CH3); 6.66 (b, NH) 

10 

EXAMPLE 2 

CXJHa 

15 I - A?^-g>methQxy> } -gyclQpppgng 

Trimethyloxonium tetrafluoroborate (7S0 mg; 5 mmol) was 
added in one portion to 2*azacyclononanone (700 mg; 5 mM) in 10 mL 
of anhydrous methylene chloride. The resulting mixture was stirred 

20 overnight at room temperature. The next momingl0% Sodiimi 

bicarbonate solution was cautiously added to neutralize fluoroboric acid 
and the mixture was then diluted with 20 mL of ethyl acetate. The 
organic layer was separated and the aqueous layer was extracted with 
ethyl acetate. The combined organic layers were washed with 10% 

25 sodium bicarbonate solution and with brine. After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated to remove the 
solvents. The residue was taken up in hexane and filtered through a small 
bed of wet silica gel in hexane. The filtrate was concentrated to give 320 
mg of the desired l-aza-2-methoxy-l-cyclononene. 

30 

iH NMR: 3.52 (s, OCH3), 3.36 (m, CH2N=), 2.24 (m, N=C-CH2); 13- 
1.7(m). 
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The following iminoethers were synthesized according to the above 
general procedure. In the case of low molecular weight imino ethers 
such as l-aza-2-methoxy-l-cyclopentene and its methyl analogs. l-a2a-2- 
5 methoxy- 1 -cyclohexene and its methyl analogs, it was necessaiy to use 
low vacuum to remove the solvents in order to reduce the loss of diese 
more volatile products. All 1h NMR's are reported as 8 values and were 
run in CDCI3 

10 1 - Aza-2-methoy V- 1 -^y clopentfti^y - 

iH NMR: 3.72 (s, OCH3), 3.58 (t, CH2N=).2.36 (t, N=<:.CH2), 1.94 
(m). 

15 J -Aza-2-merhoxv-5-mPfh vi- 1 -cvrfnp ^,^f a^i^ ; 

iH NMR: 3.7 & 3.73 (2s, OCH3). 3.85 (m, CHN=), 2.38 (m. 
N=C-CH2); 2.14(m) & 1.42(m)(2H). 1.12 (d, C-CH3). 

20 l-A2a-2-methoxv-3-mPthy |-1-cvr1op ^pt>.no. 

IH NMR: 3.68 & 3.70 (2s. OCH3). 3.38 & 3.60 (2t, CH2N=). 2.13 & 
2.58 (2m, N=C.CH), 1.40 (m), 1.16 (d, C-CH3). 

25 l-A2a-2-methoxv-1 -ryyl^h^^^no. 

IH NMR: 3.55 (s. OCH3). 3.40 (m, CH2N=), 2.08 (m. N=C-CH2), 1-48 
& 1.64(m). 

30 I -Aza-2-me,thox v-3-Tn^^ hv]- 1 -rvrl^^ y^ynr I 

^'^^ ™2N=), 2.25 (m. N=C-CH2). 1.34- 

1.74(m), 1.13 (d. C-CH3). 
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1 . Ara-2-methoxv-4-mP thvl-l -cvclohexene: 

IH NMR: 3.54 (SvOCH3). 3.29 (m, CH2N=). 2.15 (m, N=C-CH2), 1.56- 
1.66 (m). 0.86 (d, C-CH3). 

1-Aza-2-methoxv-4-i>roPVl-1-CVPlC>hgXgng: 

iH NMR: 3.52 (br, OCH3). 3.30 (m, CH2N=), 2.16 (m, N=C-CH2). 
1.20-1.64 (m), 0.80 (t, C-CH3). 

1 - A7.a-2-meth nyv-5-methvl-l -cvclohexeng; 

iH NMR: 3.60 (b. OCH3X 3.58 & 2.96 (2m, CH2N=), 2.20 (m, 
N=C-CH2). 1.32-1.77 (m). 0.92 (d, C-CH3). 

1 - Aza-2-met hoxv-5.5-dii^<'thvl- 1 -cvclohexene: 

IH NMR: 3.62 (b, OCH3), 3.17 (s, CH2N=). 2.16 (t, N=C-CH2). 1.47(t. 
CH2), 0.90 (s, C-CH3). 

1-Aza-2-me thnxv-3.5-dimethvl-l-cvclohexene: 

iH NMR: 3.52 (s, OCH3), 2.86 (m, CH2N=), 2.32 (m, N=C-CH2), 146- 
1.72 (m, CH2). 0.86(s, C-CH3) 1.09 (s, C-CH3). 



1 -Aza-2-met hoxv-4-ben7yl-1 -cvclohexene: 
iH NMR: 3.61 (b, OCH3). 3.36 (m, CH2N=). l.l-2.6(m). 
30 1 - Aza-2-me thox V- 1 -cvcloheptene: 

iH NMR: 3.34(s. OCH3). 3.26 (m, CH2N=), 2.23 (m, N=C-CH2). 1-37- 
1.60(m). 
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} - A?a-2-mgthc>7i:y- 1 -gydpog^png; 

iH NMR: 3.56 (b, OCH3). 3.34 (m, CH2N=). 2.24 (m. N=C-CH2). 1-3- 
1.6(m). 

5 

3.4-Dihvdro-2-methoxyquinoline: 

iH NMR: 6.9-7.1 (m, aromatic H). 3.78 (s. OCH3). 2.32 (t, CH2N=), 
2.73 (t, N=C-CH2). 

10 

3.4.5.6-Tetrahvdro-4-ethoxvcarbonvl-2- methoxv-pvra7:ine! 

iH NMR: 4.15 (q, 2H), 3.90 (s. 2H), 3.65 (s, OCH3). 3.42 (m. 2H), 2.50 
(m.2H), 1.22 (U3H). 

15 

EXAMPT.K ^ 
N—jj'^NH HCI 

20 

2-Iniino-l-azacvc1ononanft hydrochloride 

A mixtuie of l-aza-2-methoxy-l-cyclononene (62 mg; 0.4 
mmol) and ammonium chloride (20.5 mg; 0.4 nmiol) in 1 mL of 
25 anhydrous ethanol was heated to reflux for 3 hours. The solvent was then 
removed in vacuo and the residue was triturated with Et20 to give almost 
a quantitative yield of 2-imino-l-azacyclononane hydrochloride as an 
amorphous solid. 

30 iH NMR(CDC13): 8.7, 9.0 & 9.6 (3 brJSIH's). 3.4 (m. CH2N), 2.7 (m, 
CH2C=N), 1.5-2.0(m). 
Mass Spectrum m/e — 141 
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Note: In some cases a slight molar excess (5 - 10%) of the iminoether 
was used. The woriaip was effected by tritiirating the residual product 
with ethyl acetate or Et20. In specified cases the products were obtained 
as thick oils. 

The following cyclic amidines (Examples 4-42) were 
synthesized according to the above general procedure by employing an 
appropriate iminoether instead of l-aza-2-methyl-l-cyclononene and 
appropriate amine hydrochloride instead of anmionium chloride. All 
NMR's are reported as 5 values. 



l-Aza-2-imino-cvclo pentane hvdrochloride: 

iH NMRCCDClS): 9.44, 9.13 & 8.77 (3br, N-H's), 2.88 (t, CH2N), 2.88 

(t, CH2C=N), 2.10(m). 

Mass Spectrum m/e = 85 (M+1). 




EXAMPT.R 5 




NH HCI 



1 - Aza-2-imino-3-methvlcvc]openta ne hvdrochloride: 



30 
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iH NMR(CDC13): 9.48, 9.1 & 8.82 (3br, N-H's), 3.6-3.2 (m, CH2N), 
2.36 (t. CHON), 1.80 (m). 1.42 (d, C-CH3). 
Mass Spectnim m/e = 99. (M+1). 



EXAMPLE 6 

CHa'^^^^NH HCI 

10 1 -Aza-2-imino-5-methvlcvcloDentane hydrochloride; 

iH NMR(CDC13): 9.5. 9.18 & 8.78 (3br. N-H's), 4.06 (t, CHN); 3.04- 
2.92 (m. CH2C=N). 2.35 (m, CH2), 1.32 (d,CCH3). 
Mass Spectrum m/e = 99 (M+1). 



15 



20 



EXAMPLE 7 

C^^.CH, HCI 

l-Aza-2-mcthvlamino-l-cvclopentPfT < » hvdrochlnriHi-- (nin 



iH NMR (CDClS): 10.1 & 10.03 (2br. N-H's). 3.66 (b, CH2N). 3.08 (d. 
N-CH3), 2.91 (t, CH2C=N). 2.12 (m). 
25 Mass Spectram m/e = 99 (M+ 1 ). 



EXAMPLES 



a.-CgHs HCI 

30 B 
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1 - Aza-2-ethvlamiiio-l -cvclope ntene hydrochloride: (oH) 

iH NMR (D6-DMSO): 10.13 & 9.9 (2br, N-H's). 3.7 (m, CH2N), 3.58 
5 (m, N-CH3). 2.96 (m, CH2C=N). 2.12 (m), 1.28 (t, CCH3). 
Mass Spectrum m/e =113 (M+1). 



FXAMPLE 9 

10 




1 - A2a-2-benzvIamino- 1 -cvclopentene hydrochloride: 

15 iH NMR (D6-DMSO): 10.16 (br.N-H's), 7.3-7.4 (m, aromatic H's), 4.54 
(s. CH2Ph), 3.56 (t, CH2N), 2.84 (t. CH2C=N). 2.06 (m). 
Mass Spectrum m/e = 175 (M+1). 



20 EXAMPLE 10 

1 - Aza-2-cvclohexvlamino- 1 -cyclopentene hydrochloride. 

25 

iH NMR (D6-DMSO): 9.8 & 9.5 (2br. N-H's), 3.55 (t, CH2N), 2.78 (t, 
CH2C=N), 2.04 (m). 1.2-1.88(m). 
Mass Spectrum m/e = 167 (M+1). 

30 

EXAMPLE 11 
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Q< -^OCH3 

" O HCI 

1 - Aza-2-metfaoxvcarbonvlmethvlamino- 1 -cvclopentene hydrochloride: 
5 (oU) 

iH NMR (D6-DMSO): 10.0 (br, N-H s), 4.25 (s, -NCH2COOMe), 3.7 
(s, COOCH3). 3.6 (t, CH2N). 2.86 (t, CH2C=N), 2.1(m). 
Mass Spectrum m/e = 157 (M+1). 

10 

EXAMPLE 12 

^1^- OCoH 

HCI 

15 

1 -Aza-2-((3.4-dihvdroxvphenvl>ethvnamint >- 1 -cvclopentene 
hydrochloride: 

iH NMR (D6-DMSO): 9.5 (bJ^-H's), 6.46-6.76 (m, aromatic H). 3.54 (t. 
20 CH2). 3.36 (t. CH2). 2.74 (t, CH2), 2.02(m). 
Mass Spectnmi m/e = 221 (M+1). 



EXAMPLE! 3 

25 

CH3 "° 



1 - A2a-2.2-dimethylamino- 1 -cy clopentene hydrochloride. 
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iH NMR(CDC13): 11.24 (b, N-H's), 3.8 (t, CH2N). 3.4 (s, N-CH3). 3.16 
(t, CH20N). 2.86 (t, CH2), 2.2(m). 
Mass Spectnim m/e =113 (M+1). 



FXAMPLE 14 



^^*^^NH HCI 



2-Iminopiperidine hydrochloride 
Commercially available sample was used. 

EXAMPLE15 



a.. XH3 HCI 

20 l-Aza-2-methvlamino- 1 -cvclohexene hydrochloride: (oil) 

iH NMR(D6-DMSO): 9.3 & 9.22 (2br, NH's), 3.30 (m, CH3), 2.78 (d, 
CH3), 2.52 (m, CH2C=N);1.70(m). 
Mass Spectrum m/e =113 (M+1). 



EXAMPLE 16 
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J-Aza-2-ethvlamino-1 -cvclohexene h ydrochloride! 

iH NMR (D6-DMSO): 9.3 (br, hfH's), 3.28 (m, CH2N) 3.20 (m, CH2N). 
5 2.5 (m, CH2C=N), 1 .20 (t. CH3). 
Mass Spectrum m/e =127 (M+1). 



I-A^a-2-dimethvIamino-1 -cvclnheYPne ^ vdrochlnriHe 

15 iH NMR (CDCI3): 10.7 (br, NH's). 3.60 (m, CH2N), 3.40 & 3.12 (2s, 
CH3), 2.63-2.52 (m, CH2). 1.85-1.77 (m). 
Mass Spectrum m/e =127 (M+1). 



2-Imino-3-methv]niperidinP.hY(1 rochloriHp- 

25 

IH NMR (D6-DMSO): 9.5 & 8.6 (2br.NH's), 3.25 (m, CH2N), 2.7 (1 
CHC=N). 1.4-1.9 (m), 1.25 (d, CH3). 
Mass Spectrum m/e = 113.1 (M+1). 



EXAMPLiE 17 




CH3 HCI 



EXAMPT.P1« 
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EXAMPLE 19 



H 



NH HQ 



S 2-Imino-4-nr iethvlniperidine hydrochloride: 

1h NMR (D6-DMSO): 9.5, 8.68 & 8.35 (3br, NH's), 3.24 (m, CH2N), 
2.55 & 2.15 (m. CH2C=N), 1.35-1.85 (m), 0.96 (d,CH3). 
Mass Spectram m/e =113 (M+1). 



2-Imino-4-propvlDiperidine hydrochloride: 

iH NMR (D6-DMSO): 9.5 & 8.7 (2br, NH's). 3.22 (m. CH2N), 2.6-2.16 
(m, CH2C=N), 1.3-1.8(m), 0.85 (t, CH3). 
Mass Spectrum m/e =141 (M+1). 



EXAMPLE 20 




NH HCI 



EXAMPLE 21 




NH HCI 
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2-Iinino-4-ben7v1nineridinft hv drochlnrider 

iH NMR (D6-DMSO): 9.54. 8.64 & 8.36 (3br, NH's). 7.15-7.35 (m, 
5 aromatic H). 3.35 & 3.2 (m. CH2N). 2.6(m, CH2ON). 1 .4-2.06(m).' 
Mass Spectnim m/e = 190 (M+1). 



10 



EXAMPT.K22 
^[J'^NH HCI 

2-Iminp-5-TnethvlDTneridine hvHr^^i^n^^; 

IH NMR (D6-DMSO): 9.5. 8.7 & 8.4 (3br. NH's). 3.3 & 2.8 (m, CH2N) 
15 2.55 (m. CH2ON). 1.3-1.8 (m). 0.92 (d. CH3). 
Mass Spectrum m/e =113 (M+1). 



20 



EXAMPT.F^^ 
CHa 

fj'^NH Ha 



?-IqHnQ-5.5-dimerhvlDipftridiT^^^ Ydrochloridi>; 

25 iH NMR (D6-DMSO): 9.5 & 8.4 (2br, NH's). 2.95 (s, CH2N) 2 52 (t 
CH2C=N). 1.48 (t. CH2). 0.92 (d. CH3). 
Mass Spectrum m/e = 127 (M+1). 



30 EXAMPT.F74 
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^Pj^NH HCI 

2-Imino-3.5- rfitnethvlpiperidinehvdrocMoride; 

iH NMR (D6-DMSO): 9.45, 8.7 & 8.5 (3br, NH's), 3.32 (m, CH2N), 
2.64 (m, CHC=N), 1.6-2.22(m). 
Mass Spectrum m/e =113 (M+1). 



FX AMPLE 25 



Q, 



NH HCI 



15 1-Aza-2-imin ocvcloheptane hvdriochloride: 

iH NMR (CDa3): 9.5, 9.0 & 8.45 (3br,NH's), 3.4 (m, CH2N), 2.75 (m, 

CH2C=N), 1.4-1.8(m). 

Mass Spectnim m/e = 127 (M+1). 



EXAMPLE 26 



f^.CHa HCI 
H 



1 - Aza-2-methvlamino-l -cvcloheptene hydrochloride: 

IH NMR (CDQS): 10.0 & 9.5 (2br, NH's), 3.50 (m, CH2), 3.0 (d, CH3), 
2.8 (m, CH2C=N), 1.6-1.84(m). 
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Mass Spectrum m/e = 127 (M+l). 



EXAMPLE 27 




C2H5 HO 



l-Aza-2-ethvlamino-l -cvcloheptene hydrochloride: (oil) 

10 iH NMR (COas): 9.8 & 9.54 (2br, NH's), 3.52 (m, CH2). 2.85 (m, 
CH2C=N). 1.70 (m), 1.3 (t,CH3). 
Mass Specmim m/e = 141 (M+1). 



l-Aza-2-dimethvlamino-l -cvcloheptene hydr ochloride. 

20 

iH NMR (CDds): 3.65 (m. CH2N). 3.42 & 3.25 (2s, CH3). 2.72 

(m.CH2), 1.6-1.85(m). 

Mass Spectram m/e = 141 (M+1). 



EXAMPLE 28 




N^N-CHg HCI 
CHa 



25 



EXAMPLE ?Q 
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a 



no 



1 - Aza-2-henzvlamino-l -cvcloheptene hydrochloride: 

5 iH NMR (D6-DMSO): 9.9 & 9.6 (2br, NH's), 7.4 (m, aromatic H), 4.48 
(b, CH2), 3.45 (m, CH2N), 2.76 (m, CH2C=:N), 1 .5- 1 .75 (m). 
Mass Spectrum m/e = 203 (M+1). 



1 - A2a-2-cvclohexvlamino- 1 -cvcloheptene hydrochloride. 

15 

IH NMR (D6-DMSO): 9.2 (br, N-H's), 3.38 (m, CH2N), 2.68 (t, 

CH2C=N). 1.1-1.88 (m). 

Mass Spectrum m/e = 195 (M+1). 



10 



EXAMPLE 3Q 




H 



20 



EXAMPLE 31 




NH HCI 



25 l-Aza-2-iininocyclooctane hvdriochloride: 
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iH NMR (COas): 9.6. 9.0 & 8.7 (3br, NH's), 3.45 (m. CH2N). 2.7 0 

CH2C=N). 1.5-2.0(m). 

Mass Spectrum m/e = 127 (M+1). 

5 

EXAMPLE ^2 




10 1 -A?a-2-methvlaTnino-l -cvcloocfene hvdrochlnride- 

IH NMR (CDCI3): 10.0 & 9.34 (2br. NH's). 3.55 (m,CH2).3.05 (d. 
CH3), 2.75 (m, CH2ON), 1.48-1.95(m). 
Mass Spectrum m/e = 141 (M+1). 

15 

EXAMPTE^^ 
C^jj-C^Hs HCI 

20 

l-Aza"2-gthvlainino-1-rvrlooctenfthvHr^h| ^ ri^^. 

iH NMR (CDCI3): 8.2-10.0(br. NH's). 3.55 (m. CH2). 2.5-2.76 (m. 
CH2C=N). 1.26-2.05 (m), 1.3 (t. CH3). 
25 Mass Spectrum m/e = 155 (M+1). 



EXAMPT.F^ 
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1 - A7a-'2-hen7vlaTni no- 1 -cvclooctene hydrochloride: 

5 iH NMR (D6-DMSO): 9.9 & 9.3 (2br, NH's), 7.36 (m, aromatic H). 4.5 
(b, CH2). 3.5 (m, CH2N), 2.7 (m, CH2C=N), 1.3-1.75(m). 
Mass Spectrum m/e = 217 (M+1). 



10 EXAMPLE 35 



.CH3 HCI 

N 



1 -Aza-2-methvlamino-l -cvclononene hydrochloride: 

15 

IH NMR (D6-DMSO): 9.64 & 8.95 (2br, NH's), 3.5 (m, CH2), 3.05 (d, 
• CH3). 2.82 (d. CH3). (2.64 (m, CH2C=N), 1.25-1.8(m). 
Mass Spectrmn m^e = 155 (M+1). 

20 

EXAMPLE 36 




25 3.4-Dihydro-2-aminoquinoline hydrochloride: 

IH NMR (D6-DMSO): 9.7 &. 8.9 (2br, NH's), 7.1-7.3 (m, aromatic H), 
2.9 (m, CH2). 
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Mass Spectnim m/e = 147 (M+1). 



EXAMPTF^7 



i^XHg HCI 



H), 3. 1 (d, CH3), 2.9 (CH2). 
Mass Spectnim m/e = 161 (M+1). 



oa 



N^^N'CzHs HCI 



H 



2^ 3.4-Pihvdrf>-?-eqiYlaminon!iinolinehvHr^ ^i^»^^. 

IH NMR (D6-DMSO): 10.4 (br. NH's). 7.1-7.5 (m, aromatic H). 3 58 
(m, CH2). 2.9 (CH2), 1.25 (t, CH3). 
Mass Spectrum m/e =175 (M+1). 

25 



HCI 
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^ hydrochloride: 

iH NMR (D6-DMSO): 10.75 (br, NH's), 7.1-7.55 (m, aromatic H). 4.86 
5 (b, CH2). 3.1 (d, CH3). 2.95 (m, CH2). 
Mass Spectrum m/e - 237 (M+1). 



FY AMPLE 40 

10 

H 

^ ^nihvdro-2-cvc1ohexvlaiii inoauinoline hydrochloride: 

15 iH NMR (D6-DMSO): 10.2 (br, NH's), 7.1-7.6 (m, aromatic H), 2.9 
(CH2). l.l-2.0(m). 
Mass Spectrum m/e = 229 (M+1). 



20 FX AMPLE 41 



CH3 

, 4-nihvdro-2-di methylaminoquinoline hydrochloride: 

25 

iH NMR (D6-DMSO): 8.8 (br. NH's), 7.1-7.6 (m, aromatic H), 3.4 & 

3.3 (2s, CH3). 2.95(CH2). 

Mass Spectnmi m/e = 175 (M+1). 



30 
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EXAMPT,F47 

O^OQaHs 



[j^NH HCI 

4-EftOTYg^nvl-7,-imino-piperaTtpf ^ v drochlnriH>>- 

iH NMR (D6-DMSO): 9.1 & 8.8 (2br, NH's). 4.38 (br. CH2). 4.1 (q 
CH2), 3.56 (br, CH2). 3.35 (t, CH2), 1.2 (t, CH3). 
Mass Spectrum m/e = 172 (M+1). 

EXAMPT.F4^ 

NH HI 

Step A; l-r-bmPxvcart>onv]-?.-rsvpvr,»i.v^m^TP ^ il^ ^^^ l 

To a vigourously stiiring solution of 2.5 g (24.7 mmol) 2- 
(S)-pyrTolidinomethanol in 20 mL of saturated sodium bicarbonate 
solution at RT was added 6.25 mL (27.2 mmol) of di-/-butyl dicaibonate 
Reaction was continued overnight at room temperature. Reaction 
mixture was diluted with water and extracted witii EtOAc. EtOAc layer 
was washed with water, brine, dried, filtered and tiie filtrate was 
concentrated. Trituration of the white solid with hexane followed by 
filtration yielded 4.3 g of the desired compound. 

l^J^^^^^' "^'^^ ^' ^'^^ 1H>' 3-29-3.67 (m. 4H), 
2.00-2.06(m.lH).1.78-1.84(m.2H),1.48(s,9H). 
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Step B : 1 -t-Butox vcarfaonvl-2-rS Vformvl-pyrrolidine. 

To a solution of 0.44 mL (6.2 mmol) of DMSO in 3 mL of 
5 CH2CI2 at -78 OC was added 0.36 mL (4.1 mmol) of Oxalyl chloride. 
After 10 min 0.402 g (2 mmol) of l-t-butoxycaibonyl-2-(S)- 
pyrrolidinomethanol was added and stirred for 20 min. Triethylamine 
(1.7 mL, 12.4 mmol) was added to the reaction mixture and it was 
allowed to warm to room temperature. After stirring for 15 min at room 
10 temperamre, the reaction was diluted with water and extracted with 

CH2CI2. The CH2CI2 layer was washed with brine, dried and the filtrate 
was concentrated. The residue was chromatographed using 20% Et20- 
hexane to isolate 0.436 g (quantative) of the title compound mixed with a 
small amoimt of DMSO which was used in the next step. 

15 

Step C: l-t-Butoxvcari)onvl-2- (S>-methoxvcarbonvlethvl-pvrrolidine. 

To a suspension of 0. 16 g (4 mmol) of NaH in 10 mL of 
THF was added 0.73 mL (4 nunol) of methyl diethylphosphonoacetate. 

20 After 10 min a solution of 0.436 g (2 nunol) of l-t-butoxycarbonyl-2-(S)- 
formyl-pyrrolidine prepared in step B was added. After stirring for 1 h 
the reaction was quenched by adding saturated NH4C1 and extracted with 
CH2CI2. The CH2CI2 layer was washed with brine, dried, concentrated 
and the residue was purified by chromatography using 20% EtOAc- 

25 hexane to fiimish 0.383 g of oil. 

iH NMR (CDa3): 6.82 ( dd, J= 15.5, 6 Hz. IH), 5.83 (d, J= 15.5. IH), 
4.4 (m. IH), 3.72 (s, 3H), 3.40 (m, 2H). 2.08 (m. IH), 1.86 (m. IH), 1.77 
(m, IH), 1.43 (S.9H). 
30 13c NMR (CDa3 in ppm): 166.87, 148.84. 120.00, 57.81, 51.53, 46.18, 
31.68,28.35.22.86. 

A solution of 0.383 g of this oily product in 5 mL of 
methanol and 50 mg of 10 % Pd/C was stirred under H2 atmosphere 
overnight. The next morning the catalyst was filtered through a plug of 
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celite and the filtrate was concentrated to obtain 0.368 g (72%) of the title 
compound sufficiently pure for use in the next step. 

iH NMR (CDQS): 3.78(m, IH), 3.65 (s. 3H). 3.28 (m, 2H), 2.32 (t. 
5 J=7.5 Hz, 2H), 1 .45 (s, 9H). 

Step P: 5-(SV1-A7.a-bicvc1on.^ n^ octan-2-one 

A solution of 0.201 g (0.78 mmol) of l-t-butoxycart)onyl-2- 
10 (S)-niethoxycarbonylethyl-pyrrolidine in 3 mL of CH2CI2 at 0 'C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 *C for 18 h. 
15 The reaction was cooled and extracted with (rH2Cl2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash colunm using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 96 mg (98%) of the title compound. 

20 IH NMR (COas): 3.88 (m, IH). 3.53 (m, IH), 3.03 (m, IH), 2.72 (m, 
IH), 2.31 (m, IH). 2.02-2.28 (m, 3H), 1.73 (m. IH), 1.32 (m, IH). 
I3C NMR (CDQs in ppm): 174.71. 62.04. 40.94. 35.35, 32.18, 27.15, 
26.97. 

25 Stgp E: 5-(SVl-Aza-bicvclor3.3 n^orfan-7-yf,i^n^ 

To a solution of 80 mg (0.64 mmol) of 5-(S)-l-aza- 
bicyclo(3.3.0)octan-2-one in 4 mL of toluene was added 0.388 g (0.96 
mmol) of Lawesson's reagent and the mixture was heated in a 90 OC bath. 
30 After 1 8 h the reaction was cooled, concentrated and the residue was 
chromatogr^hed using 20% EtOAc-hexane to furnish 83 mg (92%) of 
the title compound. 
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iH NMR (CDQS): 4.17 (m, IH). 3.72 (m, IH). 3.40-3.23 (m, 3H), 2.38- 
2.21 (m. 4H). 1.78 (m. IH). 1.47 (m, IH). 

13c NMR (CDC13 in ppm): 69.68. 49.36. 44.56, 31.60. 29.36, 27.50. 

5 StepF: S-rSV2-Imino-l-^ 7^-*'^^^g^"<'^^^^octane. hvdroiodide 

Methyl iodide (1 .5 mL) was added to 83 mg (0.59 mmol) of 
5-(S)-l-aza-bicyclo(3.3,0)octan-2-thione and die mixture was stirred 
overnight. Next morning excess methy iodide was removed in vacuo 
10 leaving a solid residue. 

iH NMR (D20): 4.66 (m, IH). 3.53 (m. IH). 3.68-3.57 (m. 4H). 2.76 (s. 
3H), 2.53-2.41 (m. 3H). 2.26 (m. IH), 2.03 (m. IH). 1.66 (m. IH). 
13c NMR (D20 in ppm): 187.28. 75.86. 45.84, 43.19, 29.53. 27.52. 
15 27.05. 15.40. 

The solid obtained £rom the above reaction was dissolved in 
5 mL of MeOH and the solution was saturated with NH3. After stirring 
for 18 h itic reaction mixture was concentrated leaving a white solid 
20 residue. The solid was triturated with ether and dried to isolate 0. 1 61 g 
(quantative) of the title compound as a hydroiodide salt. 

iH NMR (D2O): 4.31 (m. IH). 3.40 (m, 2H). 3.25 (m, IH). 3.04 (m, 
IH), 2.36-2.27 (m, 4H). 1.94 (m. IH). 1.53 (m. IH). 
25 13c NMR (D2O in ppm): 165.37, 69.08. 49.03. 42.66. 35.96, 30.38, 
27.83,27.18. 



EXAMPLE 44 

30 

NH HI 
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2-Imino-l-aza-bicvc1of4.:^.0^nonanehvdroiodide 

Step A: l-t-butoxvcarhonvl-2-rR^.SVpiperidinodinomethano] 

5 Staiting firom 5 gm (43.4 mmol) of 2-(R+S)- 

piperidinodinomethanol and following the procedure as in example 43, 
step A gave 7.06 gm of the tide product. 

iH NMR (CDa3): 4.26 (m. IH). 3.92 (m. IH). 3.77(m, IH). 3.59 (m, 
10 IH), 2.84 (m, IH), 1.49-1.60 (m. 3H), 1 .44 (s, 9H). 

13c NMR (CDCI3 in ppm): 79.72, 61.40, 52.37, 39.95, 33.88. 28.37, 
25.19.25.11, 19.50. 

Step B: 1-t-Butnxvcaibonvl-2-(R-i-SVformvl-piperidine 

15 

Starting from 0.7 gm (3.2 mmol) ofl-t-butoxycarbonyl-2- 
(R+S)-piperidinodinomethanol and following the procedure as in 
example 43, step B, gave 0.675 gm of the desired compound. 

20 iH NMR (CDQs): 9.60 (d, J=5.7 Hz. IH), 4.55 (br s,lH), 3.95 (br s, 
IH), 2.94 (br s, IH). 2.17 (m. IH), 1.67-1.28 (m. 5H). 1.48 (s, 9H). 

Step C: l-t-Butoxvcarbonvl-2-fR^.S^-methoxvcaibonvlethvl-piperidine 

25 To a suspension of 0.088 g (3.7 mmol) of NaH in 5 mL of 

THF was added 0.68 mL (4 mmol) of methyl diethylphosphonoacetate at 
-10**C. After 10 min a soluticm of 0328 g (2.47 mmol) of 1-t- 
butoxycaibonyl-2-(R+S)-formyl-piperidine prepared in step B was added. 
After stirring for 1 h the reaction was quenched by adding saturated 

30 NH4CI and extracted with EtOAc. The EtOAc layer was washed with 
brine, dried, concentrated and the residue was purified by 
chromatography using 5% EtOAc-hexane to furnish 0.579 g of oil. 
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iH NMR (CDQs): 6.88 ( m. IH). 5.81 (d. J= 15.8. IH). 4.94 (m. IH). 
3.98 (m, 2H), 3.74 (s, 3H), 2.81 (m, IH), 1.81-1.60 (m. 5H). 1.45 (s. 9H). 
13c NMR (CXK:13 in ppm): 166.61, 154.94. 121.56, 79.79. 51.53, 28.89, 
28.33, 25.22, 19.81. 

5 

A solution of 0.570 g of this oily product in 5 mL of 
methanol and 50 mg of Pt02 was stirred under H2 atmosphere overnight. 
The next morning the catalyst was filtered through a plug of celite and 
the filtrate was concentrated to obtain 0.548 g of the tide compound 
10 sufficiently pure for use in the next step. 

iH NMR (CDQa): 4.24(m, IH), 3.66 (s, 3H), 2.73 (m, IH). 2.31-2.25 
(m, 2H), 2.13-2.07 (m, IH), 1.69-1.50 (m, 6H 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 174.00. 154.96, 79.20, 51.49, 49.88, 30.89, 
15 28.85, 28.37, 28.27, 25.50. 24.96, 19.01 . 

Step D: 5-fR-»-SVl-A2a-bicvclo(4.3.0^nonan-2-one 

A solution of 0.548 g (2.02 nmiol) of l-t-butoxycarbonyl-2- 
20 (R+S>methoxycarbonylethyl-piperidine in 3 mL of CH2CI2 at 0 was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 for 2 h. 
25 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. Hie residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 0.187 g (67%) of the tide compoimd. 

30 iH NMR (CDQa): 4.04 (m, IH), 3.34 (m, IH), 2.54 (m, IH), 2.27 (m, 
IH), 2.14 (m, IH), 1.80 (m, 2H), 1.63 (m, IH), 1.50 (m, IH), 1.36-1.23 
(m, 2H), 1.09 (m, IH). 

13c NMR (CDCI3 in ppm): 173.47, 57.17, 40.11, 33.48, 30.20. 25.23. 
24.35. 23.58. 
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10 



To a solution of 90 mg (0.64 mmol) of 5-(R+S)-l -aza- 
bicyclo(4.3.0)nonan-2-one in 4 mL of toluene was added 0.392 g (0.97 
mmol) of Lawesson's reagent and the mixture was heated in a 90 OC bath. 
After 1 8 h the reaction was cooled, concentrated and the residue was 
chromatographed using 70% CH2C12-hexane to furnish 95 mg (96%) of 
the title compound. 

IH NMR (CDC13): 4.85 (m. IH). 3.71 (m. IH), 3.05 (m.lH), 2.94 (m 
IH), 2.83 (m. IH), 2.26 (m, IH). 2.00 (m. IH), 1.89 (m, IH), 1.83 (m. 
IH), 1.65 (m, IH). 1.53-1.42 (m. 2H), 1.28 (m. IH). 
13C NMR (CUas in ppm): 199.15. 65.13, 45.53. 43.40. 33.34, 26.66. 

24 ^23, 22,99. 

Step F: ■ VRt.SV?-Tmin9-]-a7.a-birvrlnr4.3.n^nn«nn^ t,y ^,^;^^^^^ 

on rp..c^ , '"^^ (0-32 mmol) of 5- 

20 (R+S).l-a2a-bicyclo(4.3.0)nonan-2-thione and the mixture was stiired for 
5 hr. Excess methy iodide was removed in vacuo leaving a soKd residue. 

""'^ ^-^^ 3-45-3.26 (m. 3H). 2.74(s. 

2S 13n^L^^ ^'^ ^ ^-^0 <^ 2H). 1.58-1.49 (m. 3H). 

21 73^9^ ^^""^^ ^^-^^^ 25.43. 23.66. 



30 



5 ml «f K>r rS* ^"u "^"f"^ ^^'^ dissolved in 

3 mL Of MeOH and the solution was saturated with NH3. After stining 

for 18 h the reaction mixture was concentrated leaving a white soUd 

residue. The solid was triturated witi, ether and dried to isolate 83 me 

(quantative) of the tide compound as a hydroiodide salt 
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iH NMR (D20): 3.84-3.78 (m, 2H), 3.07 (m, IH). 2.85 (m, 2H). 2.32(m. 
IH). 2.01 (m, IH). 1.86-1.72 (m, 4H). 1.48 (m, 2H). 1.34 (m, IH). 
13c NMR (D20 in ppm): 166.27, 63.61, 43.14, 31.94, 29.93, 25.30, 

23.30, 21.97. 

5 

FY AMPLE 45 




NH HOAc 



10 

ri.y-4.6-Dimethvl-2-imin fvpiperidinft. acetic acid salt. 

2-Amino-4,6-dimethyl-pyridine (2.00 g, 16.4 mmol) was 
15 dissolved in 10.0 mL of glacial acetic acid and 0.90 g of 5% rhodium on 
alumina was added. The mixture was shaken under a hydrogen atmosphere 
at 40 psi for 16 h. After filtering the mixture through Celite and washing 
the catalyst with an additional 25 mL of acetic acid, the filtrate was 
concentrated to a weight of 4.5 g. Toluene (3x10 mL) and then ethyl 
20 acetate (20 mL) were added sequentially, with evaporation of the solvent 
under vacuum following the addition of each portion. The residue was 
dissolved in methanol and filtered through a 0.45 micron membrane. The 
filtrate was evi^rated and the residue was dissolved in 20 mL of ethyl 
acetate and cooled to 0 "C. Filtration and drying under vacuum yielded 958 
25 mg (31% yield) of cis-4,6-dimethyl-2-imino-piperidine, acetic acid salt. 

iH-NMR (400 MHz, CD3OD) 6 3.58 (m, IH), 2.62 (ddd, IH, J = 17.5, 4.5, 
2 Hz). 2.16 (ddd, J = 17.5, 12. 1.5 Hz). 2.00-1.90 (m, 2H), 1.89 (s. 3H), 
1.27 (d. 3H, J = 6 Hz), 1.11 (q, IH, J = 12 Hz), 1.06 (d. 3H, J = 6 Hz). 
30 Mass spectrum: 127 (M+1). 
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FoUowing the above procedures, the following 
2-iimnopiperidines (Examples 46-59) were synthesized from die 
appropriate 2-aminopyridine: 



5 




NH HOAc 



H 



10 2-IminQ-4-metfavl-piperidine. acetic acid salt 

iH-NMR (400 MHz, CD3OD) 6 3.24 (ddd, IH, J = 13, 5.5, 2.5 Hz), 3.14 
(ddd, IH, J = 13. 10, 5 Hz), 2.45 (ddd, IH, J = 17.5. 5, 1.5 Hz). 2.04 (dd. J 
= 17.5. 10 Hz). 1.88-1.68 (m, 2H), 1.64 (s. 3H), 1.30 (dtd, IH. J = 13, 10. 
15 5.5 Hz), 0.95 (d,3H. J = 6 Hz). 

Chemical Analysis. Calc. for C8H16N2O2: 55.79% C. 9.36% H, 16.27% 
N. Found: 55.95% C, 9.29% H, 16.33% N. 



6-EthYl-2-iniino-4-methvl-piperidiTie a cetic acid salt 

25 

iH-NMR (400 MHz, CD3OD) 5 3.48-3.39 (m, IH), 2.63 (ddd, IH, J = 
17.5. 4.5, 2 Hz), 2.17 (ddd, IH. J = 17.5, 12. 1.5 Hz), 2.03-1.90 (m, 2H), 
1.90 (s. 3H). 1.69 (dqd, J 14. 7. 5 Hz), 1.56 (dq. J = 14, 7 Hz). 1.10 (q. J = 
12 Hz), 1.07 (d, 3H, J = 7 Hz). 0.98 (t, J = 7 Hz). 



20 
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RX AMPLE 4R 




NH HQ 



10 



15 



20 



4-Iinino-S-cM-Tnethvl-: ^-ay,^birYrlo [4.3.01 nonane. hydrochloride. 

iH NMR (400 MHz, CDCI3) 6 3.42 (dm, IH, J=13Hz), 3.23 (d, IH, 
J=13Hz), 2.84-2.87 (nulH), 2.62-2.49 (IH, m), 2.02-1.95 (IH, m), 
1.93-1.86 (IH, m), 1.76-1.69 (IH, m), 1.41-1.28 (2H, m), 1.249 (3H, d. 
J=7Hz), 0.95-0.86 (lH,m). 

Mass spectnim m/e = 153 (M+1). 



CW-5-Aininometfivl-4.6-dimethvl-2-iinino-piperidine. dihvdrochloride. 

iH NMR (400 MHz, 0X33) 5 3.95-3-88 (m, IH), 3.05(t, 2H, J=5Hz), 
2.73 (dd, IH, J=17Hz, J=5.5Hz), 3.05 (t, 2H J=4.5 Hz), 2.73 (dd, IH, 
J=18Hz, J=5.5Hz), 2.37 (dd, IH, J=18Hz, J=9.5Hz), 2.4-2.3 (m, IH), 
2.25-2.20 (m, IH,), 1.37 (d, 3H, J=7.1Hz), 1.15 (d, 3H, J=6.7Hz). 

Mass spectnim m/e = 156 (M+1). 
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EXAMPLE 50 




5 



W-3-EthYl-2-imino-4-metfavl-piperidine. hvdmghlnridft 

IH NMR (500 MHz. CD3OD) 8 3.44 (m, 1 H). 3.38 (m, 1 H), 2.48 (dd, 
J = 4Hz, 1H).2.16 (m.J=10&4Hz.lH), 1.83 (m, 1 H), 1.74 (m, 2 
10 H). 1.67 (m, 1 H). 1.06 (t. J = 8 Hz, 3 H), 1.05 (d, J = 7 Hz. 3 H). 



Ctf-2-Imin(v4-Tnerhvl-3-n-pmpv1 -piperidinft hydrochloride 

20 

IH NMR (500 MHz, CD3OD) 5 3.44 (m, 1 H). 3.38 (m, 1 H), 2.55 (dd. 
J = 5 Hz. 1 H), 2.15 (m. J = 10 & 4 Hz. 1 H). 1.83 (m. 1 H. H5). 1.76 
(m. 1 H), 1.59 (m. 2 H). 1.45 (m, 2 H). 1.05 (d. J = 7 Hz. 3 H), 0.99 (t. 
J = 7Hz,3H). 



Mass spectrum m/e =141 



15 



EXAMPTF.^I 




25 



Mass spectrum ni/e =155 



EXAMPT.F ^0 
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HO2C 




NH HOAc 



<:fs/rrflnj-2-Imino-4-m ettivl-piperirfine-5-carboxvlic acid, acetic acid salt. 
iH NMR (400 MHz, CD3OD) 6 1.04 (d, 1.5H), 1.08 (d, 1.5H). 
Mass spectrum m/e = 156 (M). 



ci5/frgw5-2-Imino-4-methvl-piperidine-5-caifaoxvUc acid, methvl ester, 
acetic acid salt. 

iH NMR (400 MHz, CD3OD) 6 1.05 (d, 1.5H). 1.09 (d, 1.5H). 3.74 (d, 
3H). 

Mass spectrum m/e = 171 (M+1). 



FX AMPLE 53 




NH HOAc 



EXAMPLE 54 




NH HOAc 
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CW»rgng-5-Acetamidomethvl-2-imin(>-4-metfavl-piperidine. arc tic acid salt 
iH NMR (400 MHz. CD3OD) 5 1.02 (d. 1.5H). 1.10 (d. 1.5H). 
Mass spectnim m/e = 184 G^+l). 



f[ NH HOAc 

?-IminQ-5-n-ProPVloxv-piperidine, acetic acid salt 

iH NMR (400 MHz, CD3OD) 5 0.95 (t, 3H). 1.59 (m. 2H). 

Mass spectrum m/e =157 (M+1). 

EXAMPT.F. Sfi 



W/1frgnJ-5-Acetamido-2-imiTif>-4-me t hvl-pineriHine. acetic acid salt 
iH NMR (400 MHz. CD3OD) 5 1.00 (d. 1.5H). 1.05 (d, 1.5H). 1.97 (d. 



EXAMPLE 55 





3H). 



Mass spectrum m/e =170 (M+1). 
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EXAMPLE 57 




NH HOAc 



5 

5-Cvclohexvl-2-imino-piperidine. acetic acid salt. 
iH NMR (400 MHz, CD3OD) 6 1.00-1.85 (brm, IIH). 
10 Mass spectrum m/e - 181 (M+1). 

EXAMPLE g8 




NH HOAc 



c/5/frfln5-5-Cvclohexvl-2-imino-4-metfavl-piperidine. acetic acid salt. 
iH NMR (400 MHz, CD3OD) 6 0.90 (d, 1.5H), 1.05 (d, 1.5H). 

20 

Mass spectrum m/e = 195 (M+1). 

EXAMPLE 59 

25 

^U^NH 
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2-Imino-5-trifluoro-piperidine..acetic acid salt 

iH NMR (400MH2. CD3OD) 5 1.83-1.97 (br m. IH), 2.14-2.20 (br m, 
IH), 2.74-2.80 (br m, 2H), 2.86-3.00 (br m. IH), 3.337-3.44 (m, IH), 3.62- 
5 3.68 (q, IH). 

Mass spectrum m/e =167 (M+1). 
10 EXAMPLE 60 



15 



CH3 



C^Hs'^K.'^NH HCI 



2-Imino-5-ethvl-4-methvlpviTo1idine hydrochloride 
SleCLAl Methvl 3-methvl-4-nitroheyanoate 



A solution of 4 g (40 mmol) of methyl crotonate and 
4.72 g (53 mmol) of l-nitropropane in 20 mL of acetonitrile was treated 

20 with 6 mL (40 mmol) of 1 .8-diazobicyclo[5.4.03undec-7-ene (DBU). 
After stimng for 22 h at room temperature the reaction mixture was 
diluted with water and acidified with 2 N HQ. "ITie solution was 
extracted with Et20 and the Et20 layer was washed with brine, dried and 
concentrated. The residue was chromatogr^hed on a flash colunm using 

25 10 % Et20-Hexane to isolate 6.41 g (85%) of die title compound. 

NMR (CDCis, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.44 & 4.38 (2m, IH). 3.70 & 3.69 
(2s. 3H). 2.65-1.7 (m, 5H). 1.06 & 1.01 (2d. 3H. J=7 Hz), 0.97 (t. 3H, J=7 
30 Hz). 

SiSSLQl 5-Etfivl-4-metfivl-2-pvrmlidnn^ 



BNSDOCID: <WO 9614844A1_L> 



wo 96/14844 



PCrA)S95n4812 



- 100- 

A solution of 4.0 g (21 mmol) of methyl 3-methyl-4- 
nitrohexanoate (£rom step A) in 20 mL of EtOH containing 0.4 g of Pt02 
was hydrogenated on a Pan* apparatus for 3 days. The catalyst was 
5 filtered and washed with EtOH and the filtrate was concentrated. 
Vacuum distillation of the residue furnished 1.6 g (61%) of the tide 
compound: bp 102-107 oC/2 mm. 

1H NMR (CDQs, since stereoisomers were present multiple peaks were 
10 observed and ppm ranges are given): 6.9 (br s, IH), 3.50 & 3.1 1 (2 m, 1 
H), 2.65- 1 .3 (m. 5H), 1 . 14 & 1 .04 (2d, 3H, J=7 Hz). 0.96 (t, 3H, J=7 Hz). 

StepC: l-aza-5-ethv1-2-methQxv-4-methvl- 1 -cvclopentene 

15 To a solution of 0.254 g (2 mmol) of 5-ethyI-4- 

methyl-2-pynolidone (from step B) in 3 mL of CH2C12 was added 0.355 
g (2.4 mmol) of tiimethyloxonium tetrafluoroborate under a N2 
atmosphere. After stirring ovemight the reaction mixtrue was quenched 
with saturated K2CO3 solution and diluted with Et20. The solution was 

20 filtered and the filtrate was concentrated. The residue was purified by 
flash chromatography using Et20-hexane to isolate 0.224 g (79%) of the 
title compound. 

lHNMR(CDa3, smce stereoisomers were present multiple peaks were 
25 observed and ppm ranges are given): 3.8 (s, 3H), 3.6-3.4 (m, 1 H), 2.7- 
0.8 (m, lOH). 

Stgp P; 2-lmino-5-ethvl-4-methvlpvrrolidine hydrochloride 

30 A mixture of 0.1 g (0.71 nunol) in 3 mL of EtOH 

containing 0.03 g (0.56 mmol) of NH4CI was heated to reflux. After 4 h 
the solution was cooled and concentrated and the residue was suspended 
in EtOAc. The precipateted solid was filtered washed with EtOAc and 
dried to furnish 0.072 g (79%) of the title compound. 
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1H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.82 & 3.50 (2 q, IH), 3.1-2.45 (m, 
2 H). 2.31 & 1.64 (2 m. IH), 1.6-1.45 (m, 2H), 1.11 & 1.0 (2 d, 3H, J=7 
5 Hz).0.92(t,3H,J=7H2). 

Mass spectrum m/e = 127 (M+1) 

The following 2-inuno-pyrroIidines (Examples 61-78) were prepared by 
10 the method of Example 60 by substituting appropriate nitroalkane and 
acrylate esters. 



15 



EXAMPLB<^1 

^^^NH HCI 

2-Inuno-4-Tnethvlnvrm]idinP h ydmchlnrir^y 

20 iH NMR (D2O): 3.73 (t, IH). 3.22 (dd. IH), 2.97 (dd, IH). 2.65 (m. 
IH). 2.47 (dd. IH), 1.08 (d, 3H). 



Mass spectnmi m/e s 99 (M+l) 



25 



EXAMPTFfi? 

C2H5 

^l^^NH HQ 

30 2-Inuno-4-ethvlpvrmlMi»f. t^ vdrnchlnrir^ P 
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iH NMR (D2O): 3.75 (dd. IH), 3.31 (dd, IH). 2.98 (q. IH). 2.54 (m, 
2H), 1.49 (m, 2H), 0.89 (t. 3H). 

5 Mass spectium m/e = 1 13 (M+1) 



py AMPLE 63 
CH3 

CH3— ^^^i^NH HCI 
10 " 

2-Tmino-4.5-dimethvlpvrrolidine hydrochloride 

1H NMR (D2O. since stereoisomers were present multiple peaks were 
15 observed and ppm ranges are given): 4.05 & 3.69 (2 m, IH), 2.99 & 2.94 
(2 dd, 1 H), 2.66 & 2.17 (2m. IH). 2.54 & 2.51 (2t. IH), 1.25, 1.13. 1.1 & 
0.99 (4d. 6H). 

Mass spectrum m/e =113 (M+1) 

20 



EXAMPLE 64 




25 

2-Imino-4-methvl-5-propvlpvrrolidine hydrochloride 

^H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.69 & 3.30 (2 q, IH), 1.95- 2.6 (m, 
30 3 H), 1.2-1.6 ( m, 4H), 1.08 & 0.96 (2 d, 3H), 0.90 (t, 3H). 



.9614e44A1_l_> 
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Mass spectrum m/e = 142 (M+l) 



EXAMPLE 65 




CHa^j^^NH HCI 

2-Imino-5-methvl-4-propvlpviTo1idine hydrochloride 

10 

Mass spectrum m/e = 141 (M+1) 



EXAMPLE 66 

15 




C2H5"^[j^NH Ha 

2-Iniino-5-ethvl-4-nropvlpvrmlidinehvdrnchlni7^<> 
20 Mass spectrum m/e = 155 (M+1) 

EXAMPT,E67 
CHa 



25 CaHs-^jj^NH HQ 

2-Inmio-5-ethv1-3-methvlpvrro1idin e hvdrochloriHo 
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Mass spectrum m/e =127 (M+1) 

EXAMPLE 68 

5 

2-Tinino-5.5-dimethvlpviTolidine hydrochloride 
10 iH NMR (D2O): 2.91 (t, 2H), 2.04 (t, 2H). 1.33 (s, 6H). 
Mass spectrum m/e =113 (M+1) 

15 EXAMPLE 69 

CHa 
CH3,r~( 

chPh^'*" hc. 
2-Imino-3.5.5-trimethvlpvrrolidine hydrochloride 

20 

Mass spectrum m/e = 127 (M+1) 



EXAMPLE 70 

25 

C2H5 

CHg-'^^^NH HCI 
2-Imino-4-ethyl-5-methylpyrrolidine hydrochloride 
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NMR (P2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.08 & 3.71 (2 m, IH), 3.1-2.4 (m, 
3 H), 1.6-1.2 (m. 2H). 1.26 & 1.11 (2 d, 3H), 0.90 (t, 3H). 

5 Mass spectrum m/e - 127 (M+1) 

EXAMPLE 71 



10 




NH HCI 



2-Imino-4-prot>vrpvrTolidine hydrochloride 

iH NMR (D2O): 3.74 (dd, IH), 3.30 (dd, 1 H), 2.97 (dd, IH), 2.6 (m, 
15 2H), 1.45 (q,2H), 1.31 (m. 2H), 0.88 (U 3H). 

Mass spectrum m/e = 127 (M+1) 



20 EXAMPLE 72 

2-IroinCH4-f2-methvl-ethv1)pvrrolidine hvdrochlnnrift 

25 

iH NMR (D2O): 3.72 (t, IH). 3.37 (dd, 1 H). 2.91 (dd, IH), 2.63 (dd, 
IH). 2.39 (m, IH). 1.66 (m, IH), 0.88 (2d. 6H). 

Mass spectrum m/e = 127 (M+1) 
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EXAMPLE 73 



5 




NH HCI 



2-Imino-4-phenvlpvTrolidine hydrochloride 

iH NMR (D20): 7.4 (m. 2H), 7.32 (m. 3H), 4.02 (dd, IH), 3.82 (m. IH), 
10 3.62 (m, IH), 3.25 (dd. IH). 2.97 (dd, IH). 

Mass spectrum xn/e s 161 (M+1) 



IS EXAMPLE 74 

CHa 

^Ij'^NH HCI 



20 



2-Imino-3.4-dimethvlpvrrolidine h ydrochloride 

^H NMR (D2O, since stereoisomers were present multiple peaks were 
obseryed): 3.74 & 3.68 (2 dd, IH), 3.25 & 3.19 (2 dd, 1 H), 3.12 & 2.23 
(2 m, IH), 2.68 (m, IH). 1.27 & 1.17 (2 d, 3H, ), 1.12 & 1.0 (2 d, 3H). 



25 Mass spectrum m/e =113 (M+1) 



EXAMPLE 75 
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C2H5 .CHa 

^|^>**NH HCI 



2-Iimno-4-ethvl-3-TnethvlpvTrolidine hydrochloride 

5 NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.77 & 3.67 (2 1, IH), 3.32 & 3.26 
(2t, 1 H), 1.6-3.1(m, 2H), 1.51 & 1.40 (2m, 2H), 1.29 & 1.17 (2 d, 3H, ). 
0.90 (m. 3H). 



10 Mass spectrum m/e = 127 (M+1) 



EXAMPLE 76 



15 




NH HCI 



2-Iniino-5-methvl-4-propvlpvrTolidine hy drochloride 

NMR (D2O, since stereoisomers were present multiple peaks were 
20 observed and ppm ranges are given): 3^2 &. 3.50 (2 q, IH). 2.45- 3.1 (m, 
2 H), 2.31 & 1.64 (2 m. IH). 1.45-1.6 (m, 2H), 1.11 & 1.0 (2 d, 3H, J=7 
Hz). 0.92 (t. 3H, J=7 Hz). 

Mass spectrum m/e = 127 (M+1) 



EXAMPLE 77 
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NH HCI 



2-Imino-3-a2abicvclor4.3.0'>nonane hydrochloride 

5 iH NMR (D2O): 3.56 (dd, IH). 3.32 (dd. 1 H), 3.02 (q, IH). 2.56 (q, 
IH). 1.2-2.0 (m.8H). 

Mass spectrum m/e -139 (M+1) 



15 2-Imino-3-azabicvclof3.3.0>octane hydrochloride 

iH NMR (D2O): 3.82 (dd. IH), 3.48 (dt, 1 H), 3.32 (dd. IH). 2.98 (m. 
IH). 1.4-2.1(m. 6H). 

20 Mass spectnim m/e = 125 (M+1) 

The compounds of examples 79 and 80 were synthesized 
from die conmieicially available pyiiolidone intermediates by the 
procedure outlined in step C and D in example 60. 



10 



EXAMPLE 78 




25 



EXAMPLE 79 
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JJ^NH HCI 

2-Imino-3-methvlpvrrolidine hydrochloride 

5 iH NMR (D20): 9.48 (s. IH), 9.1 (s, IH). 8.82 (s. IH), 3.6 (m, IH). 
3.28 (m. IH), 2.37 (m, IH), 1.78 (m, IH), 1.40 (d, 3H). 



10 



20 



EXAMPLE 80 



cj^^ HO, 



2-Imino-5-methv1pvrmlidine hvdmch1nriHi> 

15 iH NMR (D20): 9.49 (s. IH). 9.18 (s, IH), 8.79 (s, IH), 4.05 (m. IH), 
3.02 (m, IH), 2.92 (m, IH), 2.33 (m, IH), 1.73 (m. IH), 1.32 (d, 3H). 



EXAMPLE R1 

CH,>^o^^rX^^ Ha 
o " 

2-Imino-.5-(.S>-a<:etv]oxvmethv]nvTTolidine hvdmrhin^^f 

25 The commerciaUy available (S) 5-(hydioxymethyl>2-pyrroUdone was 
acylated with acetic anhydride and the pioduct was subjected to the 
procedure of Example 60, steps C and D to isolate the title compound. 
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iH NMR (D2O): 4^8 (m, 2H). 4.07 (m, 1 H). 2.92 (m, 2H), 2.37 (m, 
IH), 2.11 (s. 3H). 2.0 (m, IH). 



EXAMPLE 82 



O ^ 



2-Imino-5-rRVacetvloxvmethvlpvrrolidine hydrochloride 

The title compound was prepared by the procedure of example 81 starting 
from (R) 5-(hydroxymethyl)-2-pyrrolidone. 



iH NMR (D2O): 4.3(nu 2H), 4.09 (q, 1 H), 2.92 (m, 2H), 2.39 (m, IH), 
15 2. 10 (s, 3H). 2.0 (m, IH). 

Mass spectrum m/e =157 (M+1) 



20 EXAMPLE 83 



NH Ha 



2-IminQ-5-fS>-hvdroxvmethvlpvrrolidine hydrochloride 



A solution of 15 mg (0.078 mmol) of 2-imino-5-(S)- 
acetyloxymethylpyiTolidine hydrochloride prepared in example 81 in 3 
mL of methanol was saturated with NH3 and the solution was stirred for 
3 h. The reaction mixture was concentrated and the residual solid was 
30 suspended in Et20-EtOAc, filtered and washed with Et20 and dried to 
isolate 6 mg of the title compound. 
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iH NMR (D2O): 4.10 (m, IH), 3.70 (m, 1 H), 3.57 (m. IH). 2.87 (m. 
2H). 2.29 (m,lH), 1.97 (m, IH). 

5 Mass spectrum m/e =115 (M+l) 



2-Imino-5-fRVhvdroxvmethvlpviTOliding h ydrochloride 

The title compound was obtained fix)m 2-imino-5-(R> 
15 acetyloxymethylpyriDlidine hydrochloride (example ) by the method 
described in example 83. 

iH NMR (D2O): 4.12 (m. IH), 3.72 (dd, 1 H), 3.57 (dd, IH), 2.88 (m. 
2H). 2.3 (m. IH), 1.96 (m, IH). 

20 

Mass spectrum m/e =115 (M+1) 



EXAMPLE 84 




NH HCI 



EXAMPLE 




5-EthYl-2-imino^methv1-piperidtnP acetic acid salr 



StgP A; 5-Nitn>4-methv]-2-triTnethvl^ ^ etvlaminopvridiTift 



<WO 9614844A1 I > 
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To a mixture of 5-mtro-4-methyl-2-aimnopyridine (1.0 g, 
6.53 mmol) in 15 mL of methylene chloride was added triethylamine 
(1.14 mL, 8.16 mmol) and cooled to 0 To this was added dropwise a 
5 solution of trimethylacetyl chloride (0.89 mL, 7.18 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h. The 
solution was diluted with 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to flash silica gel 
10 chromatography using 10% ethyl acetate/hexane as eluant to yield the 
tide compound. 

iH NMR (400 MHz. CDCI3): 6 1.34 (s,9H); 2.65 (s,3H); 8.18 (b,lH); 
8.29 (s,lH); 8.94 (s,lH) 

15 

Step B: 5-Amino-4-methvl-2-trimethvlacetvlaminopvridine 

A solution of 5-nitro-4-methyl-2- 
trimethylacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
20 acid containing 10% palladium/carbon was hydrogenated at atmospheric 
pressure for 48 h. The catalyst was removed by filtration and the filtrate 
was concentrated. The residue was coevs^rated with toluene to give the 
tide compound. 

25 iH NMR (400MHz, 0X33): 6 1.29 (s,9H); 2.19 (s,3H); 7.60 (s,lH); 
8.04 (s,lH); 8.50 (b,lH) 

Step C: 5-Iodo-4-methvl-2-trimethvlacetvlaminopvridine 

30 A mixture of 5-amino-4-methyl-2- 

trimethylacetylaminopyridine (1.0 g, 4.82 mmol) in 34 mL of 
diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 for 0.5 h, cooled to room temperature and evaporated at 
60 under high vacuum to give a red semi-solid. The crude material 
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was subjected to flash chromatography using 10% ether / hexane as 
eluant to give the title compound. 

iH NMR (400 MHz, CDCI3): 5 1.30 (s.9H); 2.40 (s.3H); 7.90 (bJH); 
5 8.22 (S.1H); 8.45 (S.1H) 

Step D: 5-Ethvnv]-4-methv]-2-tri methvlacetvlaminopvridine 

To a mixture of 5-iodo-4-methyl-2- 
10 trimethylacetylaminopyiidine (176 mg, 0.55 mmol) in tetrahydrofuran 
(0.60 ml), triethyamine (3.32 ml), 

bis(triphenylphosphine)palladium(II)chloride (4 mg), copper (I) iodide 
(1 . 1 mg) and (trimediylsilyl)acetylene (1 17 ul, 0.83 nmiol) were added. 
The mixture was stiired at room temperature for 3 h. The mixture was 

1 5 diluted with chloroform (50 mL) , dried (Na2S04), and evaporated to 
give a tan solid. The crude solid was dissolved in methanol (5 mL), 
treated with IN potassium hydroxide (0.61 mL) and stined at room 
temperature 18 h. The mixture was evaporated to dryness, taken up in 
chloroform (50 mL), dried (Na2S04), and evaporated to give a solid. The 

20 product was purified by flash chromatography using 1 0% ethyl acetate / 
hexane to yield the title compound. 

iH NMR (400MH2, CD3OD): 6 1.30 (s,9H); 2.45 (s,3H); 3.85 (s,lH); 
8.02 (s,lH); 8.30 (s,lH) 

25 

Mass spectrum m/e = 217 (M+1). 

Step E; .5-F,thy|-4-mrrhvI-2-trimethv1acetvlafninnpvrirfin^ 

30 A solution of 5-ethynyl-4-methyl-2- 

trimethylacetylaminopyiidine (115 mg, 0.53 mmol) in ethyl acetate (2 
mL) containing 10% paUadium / carbon (20 mg) was hydrogenated at 
atmospheric pressure for 15 minutes. The catalyst was removed by 
filtration through a Millex-HV 0.45 um Filter Unit and the filtrate was 
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concentrated. Purification was achieved by flash chromatography using 
10% ethyl acetate / hexane to give &e title compound. 

iH NMR (400MHz, CD3OD): 5 1.20 (t,3H); 1.30 (s,9H); 2.34 (s,3H); 
5 2.65 (q.2H); 7.84 (s,lH); 8.02 (s,lH) 

Mass spectrum: m/e = 221 (M+1). 

Step F: 5-Ethvl-4-methv]-2-aminopvridine 

10 

A solution of 5-ethyl-4-methyl-2- 
trimethylacetylaminopyiidine (192 mg, 0.87 mmol) in 2N hydrochloric 
acid (3 mL) was lefluxed at 100° for 18 h. The mixture was diluted with 
water (10 mL) and washed with ether. The aqueous layo* was made basic 
15 with 10% sodium caibonate and extracted with ethyl acetate. The EtOAc 
layer was dried (Na2S04) and evaporated to give the title compound. 

iH NMR (400 MHz, CD3OD): 5 1.14 (t,3H); 2.20 (s,3H); 2.50 (q,2H); 
6.42 (s,lH); 7.60 (s.3H) 

20 

Mass spectrum: m/e = 136 (M-i-). 

Step G: 5-Ethvl-2-imino-4-methvl-piperidine. acetic acid salt 

25 A solution of 5-ethyl-4-methyI-2-aminopyridine (42 mg, 

0.31 mmol) in acetic acid (1 mL) containing platinum oxide (25 mg) was 
hydrogenated at 40 psi for 6 h. The catalyst was removed by filtration 
through a Millex-HV 0.45um Filter Unit and the filtrate was evaporated 
to give the tide compound. 

30 

iH NMR (400MHz, CD3OD): 6 0.97 (m,6H); 1.35-3.50 (m,5H); 2.63- 
3.50 (m,3H) 

Mass spectrum m/e = 141 (M+1). 
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EXAMPLE 86 




NH HOAc 



2-Imino-4-methvl-5-(l-pentvn-piperidine. acetic acid salt 

Step A: S-(l-Pentvnvn-4-medivl-2-trimethvlacetvlaminoPvridine 

10 

The above compound was prepared in a similar fashion as 
Example 85, Step D, but substituting l-pentyne in place of 
(trimethylsilyl)acetylene to yield the title compound. 

15 iH NMR (400 MHz, CD3OD): 6 1.08 (t.3H); 1.30 (s.9H); 1.65 (q.2H); 
2.40 (s,3H); 2.45 (t,2H); 7.98 (s,lH); 8.20 (s,lH) 

Step B: 5-ri-PentvlV4-methvl-2-trimetfavlacetvlaminopvridine 

A solution of 5-(l-pentynyl)-4-methyl-2- 
trimethylacetylaminopyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 
ml) containing platinum oxide (45 mg) was hydrogenated at atmospheric 
pressure for 1.5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um FUter Unit. Evaporation of the filtrate gave the title 
compound. 

iH NMR (400 MHz. CD3OD): 6 0.95 (t.3H); 1.33(s.9H); 1.40 (m,4H); 
1.60 (m,2H); 2.35 (s3H); 2.63 (m,2H); 7.84 (s4H); 8.00 (s,lH) 

30 Mass spectrum m/e — 263 (M+1). 

Step C: 5-f l-PentvlV4-methvl-2-aminopvridine 



20 



25 
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A suspension of 5-(l-pentyl)-4-methyl- 
2-tiiinethylacetylammo-pyridme (233 mg, 0.89 nunol) in 2N 
hydrochloric acid (3 mL) was heated at 100 **C for 18 h. The solution was 
5 cooled to room temperature, made basic with 20% aqueous sodium 
carbonate and extracted with chloroform. The organic layer was dried 
(Na2S04), and evaporated. The product was purified by flash 
chromatography using 2% methanol / methylene chloride to give the tide 
compound. 

10 

iH NMR (400MHz, CD3OD): 6 0.90 (t,3H); 1.35 (s,4H); 1.50 (m,2H); 
2.20 (S.3H); 2.45 (m^ZH); 6.40 (s.lH); 7.58 (s,lH) 

Mass spectrum m/e =179 (M+1). 

15 

Stpp P; 2-lmTno-4-mcthvl-5-('l-pentvlVpiperi dine. acerir ariH salt 

The above compound was prepared in a similar fashion as 
Example 85, Step G, but substituting 5-(l-pentyl)-4-methyl-2- 
20 aminopyridine in place of 5-ethyl-4-methyl-2-aminopyridine to yield the 
tide compound. 

iH NMR (400MHz, CD3OD): 5 0.93 (m,6H); 1.50-1.76 (m.4H); 2.10- 
2.43 (m.4H); 2.65-2.80 (m,2H); 2.95-3.15 (m,2H); 3.35-3.50 (m,2H) 
25 Mass spectrum: m/e = 183 (M+1). 



EXAMPLF. 87 



30 



fj^NH HCI 



4(R)-Mgthvl-2-iminoninftridine hvdmrhl^rif^f 
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Step A: Methvl (R Witrnnellafft 

Diazomethane in etfaa* was cautiously added to a solution of 
5 (R)-citronemc acid (17.2 g. 0. 1 M) in ether at Qo C until yellow color 
persisted. After the addition was complete, the reaction mixture was 
stirred 30 mins and die solvent was removed in vacuo to give the 
quantitative yield of the desired methyl ester as a colorless oil. 

10 iH NMR (CDQS): 0.92(d,3H); 1.2(m.lH); 1.32(m.lH); 1.58(s.3H); 
1.65(s,3H); 1.95(m.2H); 2.1(q.lH); 2.4(q,lH); 3.64(s,3H); 5.06(t,lH) 

Step B: Methvl 3(RVmethv1-S-hvdroxvca Hx)nvlpentanoate 

^5 A stream of 4% ozone in oxygen was passed through a 

solution of methyl (R)-citronellate (7 g, 39 mmol) in 140 mL of glacial 
acetic acid at room temperature for 45 mins. 14 mL of 30% hydrogen 
peroxide was then added and the reaction mixture was heated to reflux 2 
hrs. Solvent was removed in vacuo to afford 6.5 g of the desired acid as a 

20 colorless oil. 

IH NMR (CDC13): 0.94(d,3H); 1.52(m,lH); 1.69(m.lH); 1.98(m,lH); 
2.15(q,lH); 2.3(q.lH); 2.36(m,2H) 

25 StgP C: Methvl 3m>-methvl-5-henTvl o xvcaThnnv1flmino pentannatft 

Diphenyl phosphoryl azide (5.3 mL, 24.53 mmol) was added 
to a mixture of methyl 3(R>methyl-5-hydroxycart>onyl pentanoate (3.88 
g, 22.3 mmol) and triethylamine (3.45 mL, 24.53 nmiol) in 22 mL of p- 
30 xylene. Hie mixture was then stiired 1 hr at 80© C. 4.5 mL (45 mmol) of 
benzyl alcohol was then added and the mixture was heated at reflux for 4 
hr. The reaction miture was cooled, diluted with ethyl acetate and 
washed with water, and sodium chloride and dried over ahydrous 
magnesium sulfate. Solvent removal gave a crude product, which was 
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purified on silica gel using 10% ethyl acetate in hexane as solvent to 
afford 3.9 g of the desired carbamate as an oil. 

iH NMR (CDas): 0.95(d,3H); 1.4(m,lH); 1.62(m,lH); 2.02(m.lH); 
5 2.18(qaH); 2.3(q,lH); 3.22(m^H); 3.65(s3H); 5.07(s^H); 7.3(m,5H) 

Step D: 3rRVMethvl-5-benzvloxvcarhonvlamino pentanoic acid 

A 2N sodium hydroxide (7.5 ml, 15 mmol) solution was 

10 added to 3.9 g (14 mmol) of methyl 3R-methyl-5- 

benzyloxycaibonylamino pentanoate in 70 mL of 2: 1 mixture of 
methanol: water. This mixture was then heated 1 hr at 60^ C and 7.5 mL 
of 2N hydrochloric acid was added after cooling. Most of the volatiles 
were removed in vacuo. The remaining mixture was extracted with ethyl 

15 acetate. The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate. Solvent removal afforded 2.9 g of the desired acid 
as an oil. 

iH NMR (CDa3): 0.98 (d.3H); 1.42(m.lH); 1.56(m,lH); 2.02(m,lH); 
20 2.2(m.lH); 2.35(m,lH); 3.2(m,2H); 5.08(s.2H); 7.3(m,5H) 

Step E: 4rRVMethvl-l-benzvloxvcaTfaonvl-2-piperidone 

Ethyl chloroformate (1.92 mL, 20 mmol) was added 
25 dropwise to a solution of 3(R>metbyl-5-benzyloxycaibonylamino 

pentanoic acid (2.65 g, 10 mmol) and triethyl amine (2.8 , 20 mmol) 
in 50 mL of ethyl acetate at 0° C. After stirring 1 hr at room temperature, 
the solids formed were filtered and washed with ethyl acetate. The 
filtrate was concentrated to give an oil which was taken up in 45 mL of 
30 toluene. This solution was heated to reflux for 4 hr. Solvent was then 
removed in vacuo and the residue was purified on silica gel using 20% 
ethyl acetate in hexane as solvent to give 1.39 g of the desired lactam as 
an oil. 
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iH NMR (CDCI3): 1.02(d.3H); 1.44(m,lH); 2.0(m,3H); 3.62(q,lH); 
3.55(q,lH); 3.88(q,lH); 5.28(2H); 7.35(m,5H) 

Step F: 4fRVMethvl-2-piperidone 

10% Palladium hydroxide on carbon (350 mg) was added to 
a solution of 4(R)-Metfayl-l-benzyIoxycaTfoonyI-2-piperidone (1.3 g) in 
20 mL of metibanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 700 mg of 
the crude product which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 510 mg of the desired lactam as a white 
solid. 

iH NMR (DMSO): 0.92 (d.3H); 1.26 (m,lH); 1.75(nu3H); 2.18(q,lH); 
3.12 (m.2H) 

Step G: 4(RVMethvl-2-imino piperidine hydrochloride 

The title compound was prepared from 4R-methyl-2- 
piperidone as described in Examples 2 and 3. 

iH NMR (DMSO): 0.96(d.3H); 1.25(m,lH); 1.75(m.lH); 1.85(m,lH); 
2.15(q.lH); 2.55(q,lH0; 3.24(m.lH); 3.34(m,lH); 8.28(b,lH); 
8.62(b,lH); 9.35(b,lH) 

EXAMPLE 88 
CH3 

^^^^^NH HQ 
4(SVMethvl-2-iminoDiperidine hvdmchlnrirte. 
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The title compound was synthesized according to the 
procedure of Example 87 starting with (S>-citronellic acid. 



EXAMPLE 89 



^[J^NH HO 



10 5(RVMethvl-2-iminopiperidine hydrochloride 

Step A: 2ni>.6-Dimethvl-l-benzvloxvcaibonvlami no-5-heptene 



Diphenylphosphoiyl azide (14 mL, 65 mmol) was added 
15 dropwise to a solution of (R)-citroneIlic acid (lOg, 59 mmol) and 

triethylamine (9.1 mL, 65mmol) in 60 mL of toluene. The mixture was 
heated for 1 hr at 80° C. 12 mL (120 mmol) of benzyl alcohol was added 
and the mixture was heated to reflux for 4 hrs. The reaction mixture was 
cooled, diluted with ethyl acetate and washed with water, saturated 
20 sodium chloride solution. After drying over anhydrous magnesium 

sulfate, the solvent was removed in vacuo to give a erode product which 
was purified on silica gel using 5% ethyl acetate in hexane as solvent to 
afford 9.8 g of the desired carbamate as a thick oil. 

25 iH NMR (CDas): 0.89(d3H); 1.13(m,lH); 1.35(m,lH); 1.5(m.lH); 

1.6(m,lH); 1.58(s,3H); 1.66(s,3H); 1.98(m,lH); 3.0(m,lH); 3.14(m,lH); 
5.06(m,lH); 5.08(s,2H); 7.35(m,5H) 



Step B: 5(R>-Methvl-l-benzvloxvcarfaonvl-2-piperidone 

30 

Ozone in oxygen (4%) was passed through a solution of 2- 
(R),6-dimethyl-l-benzyloxycaibonylamino-5-heptene (9.8 g) in 150 mL 
of methylene chloride at -780 C until the blue color persisted. Nitrogen 
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was then bubbled for 15 mins. 16 mL of dimethyl sulfide was added and 
the mixture was stirred 1 hr as it wanned to room temperature and then 
concentrated to give a residual oil. This was taken up in 100 mL of 
acetone and cooled in ice bath. Jones reagent was added dropwise imtil 
5 orange color was sustained. After stirring 30 mis, 4 mL of is<^rpopyl 
alcohol was added and the mixture was stirred for an additional 15 mins. 
Solvent was dien removed in vacuo and the residue was stirred with 
water and ethyl acetate. The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate. The combined ediyl 
1 0 acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed in vacuo. The resulting residue was purified on 
silica gel using first 10% ethyl acetate in hexane as solvent to give 2.0 g 
of 5(R>methyl-l-benzyloxycarbonyl-2-piperidone as an oil. 

15 iH NMR (CDQa): 1.02(d3H); 1.45(m,lH); 1.87(m,lH); 1.94(m,lH); 
2.54(m,2H); 3.16(q,lH); 3.88(q.lH); 5.26(s,2H); 7.36(m,5H) 

Further elution of the column with 1% methanol in ethyl 
acetate gave 5.8 g of 3(R>methyl-N-(benzyloxycarbonyl)-N-formyl-4- 
20 aminobutanoic acid as a thick oil, which can be utilized in the synthesis 
of 4-(R)-2-imino-4-methylpyrrolidne. 

Step C: 5fR VMPthvl-?-p|p^riT^^rnf 

25 10% Palladium hydroxide on carbon (700 mg) was added to 

a solution of 4(R)-methyI-l-benzyloxycarbonyl-2-pipendone (2.0 g) in 
40 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed with medianol. The filtrate was concentrated to give 1.4 g of the 

30 crude product, which was purified on sUica gel using 5% methanol in 
ethyl acetate as solvent to give 1 g of the desired lactam as a white solid. 

1HNMR(CDC13): 1.0(d,3H); 1.45(m.lH); 2.86(m,2H); 2.38(m,2H); 
2.9(q.lH); 3.3(q,lH)6.6(b.lH) 
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Step D: 5(RVMetfav]-2-iminopiperidine hydrochloride 

The title compound was synthesized from S(R)-methyl-2- 
5 piperidone accoiding to the procedure described in Examples 2 and 3. 

iH NMR (DMSO): 0.93(d,3H); 1.34(m,lH); 1.76(m,2H); 2.54(q,2H); 
2.8(q.lH); 3.32(m,lH); 8.35(b.lH); 8.68(b.lH); 9-42(b,lH). 

10 

EXAMPLE 90 

^[j'^NH HCI 

15 5fS>-Methvl-2-iminopiperidine hydrochloride 

The title compoimd was prepared by the method of example 89 
starting with (S)-citronellic acid. 



20 



EXAMPLE 91 



CHa, 



[j'^NH HCI 



25 4(S).5(R>-Dimethvl-2-imino-piperidine hydrochloride; 
Step A:(SVCitronellovl chloride 

Oxalyl chloride (8. 1 mL, 92 mmol) of was added to 14.4 g 
30 (83.75 mmol) of (S)-Citronellic acid in 150 mL of methylene chloride at 
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0 12.9 mL (92 mmol) of tiiethylamine was then added dropwise 
cautiously so that the gases evolved can be vented effectively. After the 
addition was complete, the mixture was stirred 1 hour at the same 
temperature. After dilution with SOCT mL of ether, the solids precipitated 
5 were filtered and washed witii ether. The filtrate was concentrated to 
give a brown liquid. This was dissolved in ether and the small amount of 
soUd was filtered and washed with ether. The filtrate was concentrated in 
vacuo to give almost quantitative yield of the desired acid chloride as 
brown oil. 

10 

iH NMR (CDCI3): 1.0(d, 3H); 1.58(s.3H); 1.68(s,3H); 2.66 & 2.88(2q; 
2H); 5.05(t.lH) 

Step B: 3f3fSV7-DiTnethvl-6-octefi ovlV4fRVphenvlmethvl-2- 
15 oxazolidinone 

A 1.6M solution of n-butyllithiimi (52 mL, 83 nunol) was 
added dropwise to a solution of 4R-phenylmethyl-2-oxazolidinone 
(13.3g, 75 mmol) in 150 mL of THF at -78 OC. The reaction mixture was 

20 stirred for 15 min after the addition and a solution of die above S- 
citronelloyl chloride in 50 mL of THF was added dropwise and the 
mixture was stirred for 15 min at that temperature. The cooling bath was 
removed and the mixture was allowed to warm to room tempoerature and 
stirred 1 hr at room tempoature. After quenching with saturated 

25 ammonium chloride solution, die reaction mixture was partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with saturated sodium chloride solution and dried 
over anhydrous magnesium sulfate. Solvent removal gave an oil which 
was chromatographed on silica gel using 10% etiiyl acetate in hexane as 

30 solvent to give the title compound in 65% yield. 

lHNMR(CDa3): 1.0(d,3H); 1.6(s,3H); 1.66(s,3H); 2.74(q,lH); 
2.85(m;2H); 3.3(q,lH); 4.15(m,2H); 4.66(m,lH); 5.08(t,lH); 7.28(m,5H) 
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Step C: 3f2(R13(SV7-TriTnethvl-6-octenovn-4fRVphenvlmethvl-2- 
oxazoKdinone 

55 mL (55 mmol) of IM solution of sodium 
5 bis(tiimethylsilyl)aimde in THF was added dropwise to a solution of 15 g 
(45.4 mmol) of 3(3(S),7-dimethyl-6-octenoyl)-4(R)-phenylmethyl-2- 
oxazolidinone in 120 n:iL of THF at -78 ^C. The reaction mixture was 
stirred 30 mins at that temperature and 21 mL (333 mmol) of methyl 
iodide in 20 mL of THF was added dropwise. The resulting mixture was 

10 stirred 1 day at -78 After wanning to room temperature, the reacton 
mixture was quenched with ammonium chloride solution and partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with sodium thiosulfate solution, saturated sodium 
bicarbonate solution, brine and dried over anhydrous magnesium sulfate. 

15 Solvent removal afforded essentailly pure desired methylated 
oxazolidinone derivative in quantitative yield. 

lHNMR(CDa3): 0.88(d,2H); 1.13(d,3H); 1.58(s.3H); 1.66(s,3H); 
2.75(q,lH); 3.26(q,lH); 3.68(m.lH); 4.15(m,2H); 4.63(m,lH); 
20 5.08(t,lH)7.25(m.5H) 

StepD: 2fRV3rSV7-Trimethvl-6-octen-1-ol 

A solution of 6.8 g (20 mmol) of 3(2(R).3(S),7-trimethyl-6- 
25 octenoyl)-4(R)-phenylmetfayl-2-oxazolid[inone in 30 mL of THF was 
added dropwise to a suspension of 1.634 g (43 mmol) of lithium 
aluminum hydride in 40 mL of THF at 0 ^C. The reaction mixture was 
then stirred 6 h at ambient temperature The reaction mixture was then 
recooled in ice bath and 5 mL of methanol was added dropwise very 
30 cautiously. After the effervescence subsided, the reaction mixture was 
concentrated to about 30% of the original volume The reaction mixture 
was then stirred witfi saturated solution of potassium soditun tartrate and 
extracted with ethyl acetate. The combined ethyl acetate extracts were 
dried over anhydrous magnesium sulfate. Solvent removal afforded a 
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cnide oil, which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 2.0 g (62%) of the desired alcohol as a colorless 
oil. 

5 iH NMR (CDC13): 0.78(4 2H); 0.79(d,2H);1.6(s.3H); 1.66(s.3H); 
3.44(q.lH); 3.54(q,lH); 5.1(t.lH) 

Step E: 2fRV3(S\7-Trimethvl-6-octen-1-niethanesulfonate 

10 Toasolutionof510mg(3mmol)of 2(R)3(S),7-trimethyl- 

6-octen-l-ol in 3 mL of pyridine at ice bath temperature 0.7 mL (9 mmol) 
of methanesulfonyl chloride was dropwise added. The mixture was itim 
stirred for 8 hrs at room temperature. After diluting with ethyl acetate, 
the reaction mixture was washed with saturated sodium bicarbonate, IN 

15 citric acid and water. After drying over anhydrous magnesium sulfate, the 
solvent was removed to give 722 mg of the desired mesylate as a yellow 
oil. 

iH NMR (CDa3): 0.8(d,3H); 0.87(d,3H); 1.6(s,3H); 1.67(s,3H); 
20 2.98(s,3H); 4.02(q,lH); 4.13(q.lH); 5.06(t.lH) 

Step F: 2rR>.3rS>.7-Trimethvl-UaTi do-6-octeTie 

975 mg (15 nunol) of sodium azide was added to a solution 
25 of 2(R),3(S),7-trimethyl-6-octen- 1-methane sulfonate (720 mg, -3 mmol) 
in 6 mL of N,N-dimethylformamide and the mixture was heated 
overnight at 80^ C. The reaction mixture was diluted with ethyl acetate 
and washed several times with saturated sodium chloride solution. After 
drying over anhydrous magnesium sulfate, the solvents were removed in 
30 vacuo to give crude azide as an oil. This material was purified on silica 
gel using 30% ether in hexane as solvent to give 545 mg of the desired 
azide as a colorless oil. 



BNSDCWID: <WO 961 4844A1_I.> 



wo 96/14844 



PCTAJS95/14812 



-126- 

lHNMR(CDa3): 0.78(d.3H); 0.84(d3H); 1.59(s,3H); 1.66(s,3H); 
3.1(qaH); 3.21(q3H); 5.07(t,lH) 

Step G: 2fR>.3rSy7~Trimethvl-l-amino-6-octene 

5 

6.3 mL (6.3 mmol) of IM lithium aluminum hydride in THF 
was added dropwise to a solution of 2(R)3(S),7-trimethyl-l-azido-6- 
octene in 10 mL of THF at 0^ C. The reaction mixture was heated to 
reflux 18 hrs. After cooling in ice bath, ~ 1 mL of methanol was added 

10 dropwise cautiously. After the effervescence stopped, the reaction 
mixture was concentrated to 30% of the volume and IN solution of 
potassium sodium tartrate was added. After stirring 15 mins, the reaction 
mixture was extracted with ethyl acetate. The combined ethyl acetate 
layers were dried over anhydrous magnesium sulfate and the solvent was 

15 removed to give 399 mg of the desired amine as an oil. 

lHNMR(CX>a3): 0.76(d,3H); 0.78(d,3H); 1.60(s.3H); 1.67(s,3H); 
2.49(q.iH); 2.62(q,lH); 5.1(t,lH) 

20 Step H: 2fR).3(S).7-Trimethvl-l-benzvloxvcarhn nvlanuno-6-octene 

Separate solutions of 2(R),3(S),7-trimethyl-l-amino-6- 
octene (0.87 g, 5.2 mmol) in 8 mL of dioxane, and benzyl chloroformate 
(0.86 mL, -6 mmol) in 8 mL of dioxane were added dropwise 

25 simultaneously to a stirred solution of 1 .05 g (10.5 mmol) of potassium 
hydrogen carbonate in 20 mL of water at QOC. After the additions, the 
mixture was stirred 8 hrs at room temperature. Most of die volatile 
solvents were removed in vacuo. The remaining reaction mixture was 
extracted with ethyl acetate. The combined orgaiuc phases were dried 

30 over anhydrous magnesium sulfate. Solvent removal gave the crude 
product which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 1.4 g of the desired caibamate as a colorless oil. 
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lHNMR(CDa3): 0.77(d,6H); 1.18(m,lH); 1.3(m.lH); 1.5(m.lH); 
1.6(s3H); 1.66(s3H); 1.95(m.2H); 3.04(m,lH); 1.12(in,lH); 4.7(b.lH); 
5.08(s & in,3H)7.34(m^) 

5 Step I; 4fS).5fR)-T>imethvl-6-benzvloxvcari)onvlain i no-hexan-1-al 

A stream of 4% ozone in oxygen was bubbled dirough a 
solution of 1 .79 g (-6 mmol) of 2(R).3(S),7-trimethyl-l- 
benzyloxycaibonylamino-6-octene in 25 mL of methylene chloride at 

10 -78° C until blue color persisted. Nitrogen gas was bubbled through the 
reaction mixture at the same temperature for 15 min. 3 mL of dimethyl 
sulfide was added and the mixture was stirred 15 mins and then warmed 
to Oo C. The solvents and other volatile materials were removed under 
house vacuum. Traces of solvent were then removed in vacuo to give 1 .3 

15 g of the desired aldehyde as a thick oil. 

iH NMR (CDQS): 0.8(2d,6H); 1.48 & 1.54(m,4H); 2.42(m,2H); 
3.04(m,lH); 3.14(m.lH); 5.08(s^H); 7.34(m.5H); 9.74(s,lH) 

20 StgP J; 3fR>.4fS>-Dimethv1-1-hen7v1nvvrarfeonvl-2/< 4 S - tetrahvdro- 
azepine 

A mixture of 1.2 g (-4.2 mmol) of 4(S).5(R)-dimethyl-6- 
benzyloxycarbonylamino-hexan-l-al. 1.26 mL (13.2 mmol) of acetic 
25 anhydride and 120 mg (1 .2 mmol) of potassium acetate was heated at 1 60 
OC for 2 hours. Excess acetic anhydride was removed in vacuo and the 
residue was purified on silica gel using 20% ethyl acetate in hexane as 
solvent to give -190 mg of the desired azepine derivative as an oil. 

30 iH NMR (CDds): 0.95 & 1.0 (2d,6H); 2.0(m.lH); 2.17(m.lH); 

3.64(m,lH); 3.74(m.lH); 4.9(m,lH); 5.1(s^H); 6.6(m.lH); 7.35(m.lH) 

Step K: 3(?>).4(T^)-Dimerhv1-6-rhenTvlnTv c ariinTivnfnn niT^iH ^]- 
pentanoic aciH 
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A stream of 4% ozone in oxygen was bubbled through a 
solution of 130 mg (0.5 mmol) of 3(R).4(S)-dimethyl-l- 
benzyloxycarbonyl-2,3,4,5-tetrahydroazepine in 5 mL of glacial acetic 
S acid at room temperature for 10 mins. 0.3 mL of 30% hydrogen peroxide 
was added and die mixture was heated to reflux 2 hrs. The solvent was 
removed and the traces were azeotroped with toluene to give 100 mg of 
the desired acid as a thick oil. 

10 iH NMR (CDa3): 0.76(d,3H); 0.87(d,3H); 1.9(m.lH); 2.0(m,lH); 
2.18(qaH); 2.32(q,lH); 3.5(qaH); 3.6(q,lH); 5.28(s,2H); 7.37(m,5H); 
9.26(s,lH) 

Step L: 3fS^.4rRVDimethvl-6-benzvloxvcaifaonvlamino-l-pentanoic 
15 acid 

A solution of 2N sodium hydroxide (0.4 mL, 0.8 mmol) was 
added to a solution of 90 mg (0.3 nunol) of 3(S),4(R)-dimethyl-6- 
(benzyloxycarbonyl)formamido-l-pentanoic acid in a mixture of 2 mL of 
20 methanol and 1 mL of water. This mixture was heated 2 hrs at 60° C. 

The reaction mixture was cooled and 0.4 mL of 2N hydrochloric acid was 
added. Solvents were removed and the residue was extracted with ethyl 
acetate. The organic layer was dried over anhydrous magnesium sulfate 
and Ae solvent removal afforded 62 mg of the desired acid as an oil. 

25 

iH NMR (CDQa): 0.82(d,3H); 0.88(d,3H); 1.68(m,lH); 2.08(m,lH); 
2.2(m.lH); 2.35(m,lH); 3.1(m,2H); 5.1(2H); 7.3(m.5H) 

Step M: 4rS15fRVrHmethvl-2-DiDeridf>ne 

30 

Ethyl chloroformate (0.048 mL, 0.5 mmol) was added to a 
solution of 3(S),4(R>-dimethyl-6-benzyloxycarbonylamino-l-pentanoic 
acid (62 mg, 0.25 mmol) and triethylamine (0.07 mL, 0.5 mmol) in 2 mL 
of ethyl acetate cooled in ice bath. After stirring 1 hr, the solids were 
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filtered and washed with ediyl acetate. The filtrate was concentrated to 
give the carbonate as oil. 2 mL of toluene was added to this resiue and 
heated to reflux 5 hrs. The solvent was then removed in vacuo to give the 
N-protected lactam as oil. 25 mg of palladium hydroxide was added to a 
5 solution of the above residue in 2 mL of methanol and the mixture was 
hydrogenated 4 hrs on a Parr shaker. The catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 3 1 mg of 
the desired lactam as a waxy solid. 

10 iH NMR (CDCI3): 0.95(d,3H); 0.97(d,3H); 1.54(m,2H); 1.98(m,lH); 
2.44(m,lH); 2.9(m,lH); 3.25(m,lH). 

Step N: 4(S).5niVDimethvl-2-iminopiperidine hvdrochloride 

1 5 The title compound was prepared from 4(S),5(R)-Dimethyl- 

2-piperidone according to the procedure described in examples 2 and 3. 

iH NMR (DMSO): 0.89(d,3H); 0.93(d,3H); 1.50(m,2H); 2.20(m,lH); 
2.55(m,lH); 2.83(m,lH); 8.3(b,lH); 8.65(b,lH); 9.40(b.lH) 

20 

Specific rotation = +62.8^ (c=0.21, EtOH) 

EXAMPT.FQ2 



25 



CH3 



NH HCI 



4(T^).5fS)-Dimethvl-2-iminfvpiperidine hvdmcMnririi-; 

The title compound is prq)aFed according to the procedure 
30 of Example 89 starting with 0^)-citronellic acid and 4(S)-phenylmethyl- 
2-oxazolidinone. 



BNSDOCID: <W0_961'ie44AiJ_> 



wo 96/14844 



PCTA)S95/14812 



25 



- 130- 

Specific rotation = -65.2° (c=0.21. EtOH) 

EXAMPLE 9:^ 
CHa 



"■tx 



N'^NH HCI 
H 

4(S).5(SVDimethvl-2-imino-piperidine hydrochloride: 

10 The title compound is prepared according to the procedure 

of Example 91 starting with (S)-citronellic acid and 4(S)-phenylmethyI-2- 
oxazolidinone. 

iH NMR (DMSO): 0.84(d.3H); 0.86(d,3H); 1.98(maH); 2.26(m.lH); 
15 2.64(m,lH); 2.98(m,lH); 7.25(b,lH); 8.25(b,lH); 8.64(b.lH) 

Specific rotation = -230 (c=0.2, EtOH) 



20 EXAMPLE 94 

a 



CHs 



N^^NH HCI 
H 



4(R),5(T^)-Dimethvl-2-imino>piperiHi ne hydrochloride! 

The title compound is prepared according to the procedure 
of Example 91 starting with (R)-citronemc acid and 4(R)-phenyhnethyl- 
2-oxazolidinone. 
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Specific rotation = +25© (c=0.22, EtOH) 

EXAMPLE 95 

^N'^NH HCI 



2-lTOnQ-5rSVmcthoxv-4r.S>-methv1-niperidinehvdmchlnridft 

Step A; 5-Q-fgyt-Butv1dimethvlsilvl-2.3-dideoxv-n - g/vcgr^pent-2-ftno. 
1.4-lactQne 



To a solution of 2.3-dideoxy-I>•^/3;ce^^>-pent-2-eno-l,4- 
15 lactone (580 mg. 5.08 mmol) in dry NJ^J-dimethylfoimamide (DMF) (7 
mL) were added triethylamine (1.06 mL, 7.60 mmol) and 
4-dimethylaminopyridine (63 mg, 0.51 mmol). ITie reaction mixture was 
cooled in an ice-bath, and fert-butyldimethylsilyl chloride (1.02 g, 6.77 
mmol) was added. The mixture was allowed to attain room temperature 
20 and stirred an additional 3 hours. The mixture was then diluted with 

diethyl ether, washed with water, 2N hydrochloric acid, saturated sodium 
bicarbonate solution, saturated brine solution, dried (Na2S04), and 
evaporated. This procedure was repeated with 600 mg (5.26 mmol) of 
2,3-dideoxy-D-^/yccro-pent-2-eno-l,4-lactone. The two runs were 
25 combined after workup, and the product was purified by flash 

chromatography eluting with 15% acetone in hexane. The resulting oil 
crystallized upon standing; yield 1 .65 g (70%). 

IH NMR (400 MHz, CDCI3): 6 0.03 (s, 3H). 0.05 (s. 3H), 0.85 (s, 9H). 
30 3.78 (dd, IH), 3.91 (dd, IH), 5.03 (m, IH), 6.14 (dd, IH). 7.48 (dd, IH). 
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Step B: 2.3-Dideox v-3-C-niethvl-S-0-ygrf-butvldimethvlsilvl-D-gm/»r<?- 
pentono-1 ^-lactone 

To a vigorously stiired suspension of copp^(I) bromide- 
5 dimethyl sulfide complex (7.42 g, 36.1 mmol) in diethyl ether (80 mL) 
was added methyllithium (51 mL of a 1.4M solution in hexane, 71.4 
mmol) over 5-6 minutes. The resulting solution was cooled to -23'*C 
(CCl4/dry ice bath), and a solution of 5-C)-te/t-butyldimethylsilyl-2,3- 
dideoxy-D-^fycert?-pent-2-eno-l,4-lactone (1.65 g, 7.22 mmol) was 

10 added in one portion. The suspension was stiired at -23 for 20 minutes 
and quenched by the cautious addition of saturated aqueous ammonium 
chloride (39 mL). The mixture was transferred to a separatory funnel and 
shaken vigorously to break down excess reagent. The organic layer was 
washed with saturated brine solution, dried (MgS04). and evaporated. 

15 The product was purified by flash silica gel chromatography eluting 
initially with 5% ethyl acetate in hexane and subsequently with 10% 
ethyl acetate in hexane; yield 1.42 g (80%). 

iH NMR (400 MHz, CDCI3): 6 0.04 (s,3H), 0.06 (s, 3H), 0.88 (s, 9H), 
20 1.16 (d, 3H), 2.1 1 (dd, IH), 2.52 (m, IH), 2.77 (m, IH), 3.71 (dd. IH), 
3.82 (dd, IH), 4.08 (m, IH). 

Step C: 2.3-Dideoxv-3-C-methvl-D-grvrfero-pentono-l ^-lactone 

25 2,3-Dideoxy-3-C-methyl-5-0-rtfrT-butyldimethylsilyl-D- 
erv^/irc7-pentono-l,4-lactone (1.4 g, 6.13 nunol) was treated with tetra-n- 
butylammonium fluoride (8.7 mL of a l.OM solution in tetrahydrofuran, 
8.7 nmiol) for 90 minutes at room temperature. The reaction mixture was 
evaporated, and the crude product subjected to flash silica gel 

30 chromatography eluting initially with 15% acetone in hexane and 
subsequently with 25% acetone in hexane. Pure title compound was 
obtained as an oil; yield 710 mg (89%). 
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iH NMR (400 MHz, CDCI3): 5 1.16 (d, 3H), 2.21 (dd, IH), 2.50 (m, 
IH), 2.72 (dd, IH). 

STEP D: 5-Azido-2.3.5-trideoxv-3-C-niethvl-D-grvr/iro-Dentono-1 4- 
5 lactone 

To a solution of 2,3-dideoxy-3-C-methyl-D-erv?/iro- 
pentono-l,4-lactone (490 mg, 3.76 mmol) in methylene chloride (10 mL) 
cooled in an ice-bath were added 2,6-lutidine (501 mL, 4.30 mmol) and 

10 trifluoiomethanesulfonic anhydride (682 mL, 4.05 nmiol). The reaction 
mixture was stirred at 0°C for 30 minutes, diluted with methylene 
chloride, washed with water, 2N hydrochloric acid, saturated sodium 
hydrogen carbonate solution, saturated brine solution, dried (Na2S04). 
and evaporated. The crude product was taken up in DMF (6 mL) and 

15 treated with sodium azide (856 mg, 13.2 mmol) at room temperature for 
30 minutes. The mixture was diluted with ethyl acetate, washed with 
water, dried (Na2S04), and evaporated. The pure title compound was 
obtained after flash chromatography eluting with 25% ethyl acetate in 
hexane; yield 358 mg (61%). 

20 

iH NMR (400 MHz, CDCI3): 6 1.15 (d, 3H), 2.21 (dd, IH). 2.42 (m, 
IH). 2.74 (dd. IH). 3.44 (dd, IH), 3.60 (dd, IH). 4.15 (m. IH); mass 
spectrum: 128 (M+1 - N2). 

25 STEP E: 5fS VHvdmTV-4r5; Vmethv1-2-pipe,rirfnn^ 

A solution of 5-azido-2,3,5-trideoxy-3-C-methyl-D-cr)*/irt>- 
pentono-1.4-lactone (358 mg, 2.31 mmol) in methanol (4 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the 
30 presence of 10% palladium-on-charcoal (50 mg) overnight at room 

temperature. The catalyst was then removed by filtration through Celite, 
and the filter washed with methanol. The combined filtrate and washings 
were evaporated, and the resulting product crystallized upon standing; 
yield 128 mg (43%). 
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iH NMR (400 MHz, CDCI3): 6 1.03 (<t 3H), 2.05 (m, IH), 2.17-2.28 (m, 
2H). 3.27 (dd, IH), 3.40 (dd, IH), 3.86 (m. IH); mass spectrum: 130 
(M+1). 

5 

STEP F: 2-Imiiio- 5fS>-methoxv-4fS>-methvl-piperidine hvdrocMoride. 

To a solution of 5(S)-hydroxy-4(S)-methyl-2-piperidone 
(1 19 mg, 0.921 mmol) in methylene chloride (3 inL) was added 

10 trimethyloxoniimi tetrafluoroborate (285 mg, 1.93 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% MeOH/CH2Cl2) indicated the formation of two 
more mobile products: the 5-methoxy-4-methyl imino-methyl ether and 
the 5-hydroxy-4-methyl imino-methyl ether. The mixture was diluted 

1 5 with ethyl acetate, washed with saturated sodium hydrogen carbonate 
solution, saturated brine solution, dried (MgS04), and carefully 
evaporated (bath temperature <15*^C) to avoid loss of the volatile imino 
ethers. The crude product mixture in ethyl acetate was applied to a 
column of silica gel (packed as a slurry in 4% methanol/CH202). Rapid 

20 elution with 4% methanol/CH2Cl2 afforded the 5-methoxy-4-methyl 
imino-methyl ether (yield - 16.7 mg), and subsequent elution with 10% 
MeOH/CH2Cl2 afforded the 5-hydroxy-4-methyl imino-methyl ether 
(yield ~13.6 mg). Evaporations of the column fractions containing 
product was performed with extreme caution to avoid loss of the volatUe 

25 imino ethers. 

The 5-methoxy-4-methyl imino-methyl ether (~16.7 mg) 
was treated with ammonium chloride (4.5 mg) for 4 h in refluxing EtOH 
(2 mL). The reaction mixture was evaporated, and the resulting solid 
dried in vacuo; yield 14.3 mg. 

30 

iH NMR (400 MHz, CDCI3): 5 1.10 (d, 3H), 2.12 (m, IH), 2.40 (dd. 
IH), 2.53 (dd, IH), 3.40 (s, 3H), 3.52 (m, IH). 3.67 (dd. IH). 

Mass spectrum m/e = 143 (M+1). 
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^[j^NH HCI 



2-Imino-5(S)-hvdroxv-4fSVmetfavl-piperidine hydrochloride. 

10 The 5-hydroxy-4-inethyl-immo methyl ether firom Step F of 

Example 95 (-13.6 mg) was treated with ammonium diloride (4.4 mg) in 
refluxing EtOH (2 mL) for 4 h . The reaction mixture was evaporated, 
and resulting solid dried in vacuo; yield 9.5 mg. 

15 iH NMR (400 MHz. CDCI3): 5 1.10 (d, 3H), 2.08 (m. IH) .2.47 (dd. 
IH), 2.55 (dd. IH), 3.40 (dd. IH), 3.50 (dd, IH). 3.93 (m, IH). 



20 



Mass spectrum m/e s= 129 (M+1). 



EXAMPLE 97 
CH3 

rj^NH HCI 

25 2-Imino-5fS>-methoxv-4fRVmethvl-pip>nrf me hydrochloride 

SSSBlAI 2.3-Pidcpxv-.3-C-methvl-5-0-teTt-hiityldiTnethykilvl-n- 

f/irgo-pentnno- 1 .4-lactone 
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The title compound was prepared according to the method 
described by S. Hanessian and P. J. Murray for the corresponding 5-0- 
tert-butyldiphenylsilyl derivative [Tetrahedron: 43. 5055-5072. 1987]. 

5 iH NMR (400 MHz. CDCI3): 6 0.04 (s, 3H); 0.05 (s. 3H); 0.87 (s. 9H); 
1.17 (d, 3H); 2.37 (dd, IH); 2.48 (dd, IH); 2.71 (m. IH); 3.78 (dd. IH); 
3.83 (dd. IH); 4.40 (m. IH). 

St^P P; 2.3-Dideoxv-3-C-methvl-D-f/irgo-pe ntono- 1 .4-lactone 

10 

2,3-Dideoxy-3-C-methyl-5-0-teit-butyldimethylsiIyI-D-//ireo- 
pentono-1, 4-lactone (1.8 g, 7.36 mmol) was treated with tetra-n- 
butylammonium fluoride (9.8 mL of a 1.0 M solution in tetrahydrofiiran, 
9.8 nmiol) for 90 minutes at room temperature. The reaction mixture was 
15 evaporated, and tiie crude product subjected to flash chromatography 
eluting with 25% acetone/hexane; yield 795 mg (83%) of a colorless oil. 

StePC; 5- A2ido-2.3.5-trideoxv-^-C-methvl-D -f/irgo-pentono- 1 .4- 

lactone 

20 

This compound was prepared in a similar manner as Step D of 
Example 95 starting with 2,3-dideoxy-3-C-methyl-D-r/iret>-pentono-l,4- 
lactone (795 mg. 6. 1 1 ounol). The title compoimd was obtained as an oil 
after flash chromatography eluting with 25% ethyl acetate in hexane; 
25 yield 575 mg (61%). 

iH NMR (400 MHz, CDCI3): 6 1.09 (d. 3H); 2.31 (dd, IH); 2.66 (dd, 
IH); 3.50 (dd, IH); 3.57 (dd, IH); 4.54 (dd, IH). 

30 S^pP; 5(S>-Hvdroxv-4rRVmethv]-2-pipf>riHnn^ 

A solution of 5-azido-2,3.5-trideoxy-3-C-methyl-D-r/»rca- 
pentono-1, 4-lactone ( 361 mg, 2.33 mmol) in ethyl acetate (23 mL) was 
hydrogenated at 40 psi in the presence of 20% palladiimi hydroxide on 
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caibon (42 mg) for 2 hours at room temperature. The catalyst was 
removed by filtration through a pad of Celite. The filtrate was 
evaporated, and the residue taken up in toluene (25 mL) and methanol (2 
mL) and heated for 24 hours at 100**C. The mixture was evaporated, and 
5 the crude product recrystallized from hot ethyl acetate; jdeld 160 mg 
(53%). 

iH NMR (400 MHz. CD3OD): 6 1.04 (d. 3H); 1.95 (m. IH); 1.99 (dd, 
IH); 2.53 (dd. IH); 3.08 (dd, IH); 3.41 (dd. IH); 3.60 (m, IH). 

0 

SSSSlEi 2-Imino-5fSVmethoxv-4r R>-methv1-piperiHinft 

hvdrochloriHe 



To a solution of 5(S)-hydroxy-4(R)-methyl-2-piperidone 
15 (157 mg, 1 .22 mmol) in methylene chloride (4 mL) was added 

trimethyloxonium tetrafluoroborate (376 mg, 2.54 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% methanol/CH2a2) indicated the formation of two 
more mobile products: the predominant product being the 5-methoxy-4- 
20 methyl-imino-methyl ether followed by a smaller amount of the 5- 
hydroxy-4-methyl-iniino-methyl ether. The mixture was diluted with 
ethyl acetate, washed widi sattirated sodium hydiogencarbonate solution, 
saturated brine solution, dried (MgS04). and careftdly evaporated (bath 
temperature <15*»C) to avoid loss of the volatile imino ethers. The crude 
25 product mixture was subjected to flash silica gel chromatography (packed 
as a slurry in 4% methanol/CH2a2). Rapid elution with 4% 
methanol/CH2Cl2 afforded the 5-methoxy-4-methyl-imino-methyl ether. 
Subsequent elution with 10% methanol/CH2Cl2 afforded the 5-hydroxy- 
4-methyl-imino-metfiyl ether. Evaporations of the column fractions 
50 containing product were performed with extreme caution to avoid loss of 
the volatile imino ethers. 

The 5-methoxy-4-methyl-imino-methyI ether was treated with 
ammonium chloride (32 mg, 0.60 mmol) in refluxing ethanol (4 mL) for 4 h. 
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The cooled reaction mixture was evaporated, and the resulting solid dried in 
vacuo; yield 61 mg. 

iH NMR (400 MHz, CD3OD): 6 1.08 (dd, IH); 2.23 (m, IH); 2.32 (dd, IH); 
5 2.81 (dd, IH); 3.38 (dd, IH); 3.40 (s, 3H); 3.42 (m. IH); 3.55 (dd, IH) 



Mass spectrum m/e = 143 (m -t-l). 



10 FXAMPT^EQR 

CHa 



N^NH HQ 
H 



2-Imino-5(SVhvdioxv-4fRVmethvl-piperidine. hydrochloride 

15 

The 5-hydroxy-4-methyl-imino-methyl ether from Step E of 
Example 97 was treated with ammonium chloride (16 mg, 0.30 mmol) in 
refluxing etfaanol (3 mL) for 4 hours. The cooled reaction mixture was 
evaporated. The solid was taken up in methanol, and the product crystallized 
20 out upon addition of diethyl ether, yield 22 mg. 

iH NMR (400 MHz, CD3OD): 5 1.08 (d, 3H); 2.01 (m, IH); 2.33 (dd, IH); 
2.85 (dd, IH); 3.19 (dd, IH); 3.54 (dd, IH); 3.71 (m, IH). 

25 Mass spectrum m/e - 128 (M +1). 
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CH3 



o 



N^NH HCI 

Pi 



2-Imino-5(S>-acetvloxv-4(RVmethvl-piperidine hydrochloride 

3 Step A: 5(SVAcetvloxv-4fRVmethvl-2-piperidone 

5(S)-Hydroxy-4(R)-methyl-2-piperidone (43 mg, 0.33 
mmol) was treated with pyridine (0.5 mL) and acetic anhydride (0.3 mL) 
overnight at room temperature. The mixture was evaporated and 
10 coevaporated several times with toluene. Flash silica gel chromatography 
eluting with 2% methanol/(rH2a2 gave pure tide compound; yield 17.7 
mg. 

iH NMR (400 MHz, CD3OD): 6 1.04 (d, 3H); 2.08 (s, 3H); 2.09 (dd. 
15 IH); 2.21 (m, IH); 2.58 (dd, IH); 3.22 (dd, IH); 3.56 (dd, IH); 4.83 (m, 
IH). 

SiSXL£l 2-Imino-5(SVacetvloxv-4fRVmethvI-pi peridine hydrochloride 

20 To a solution of 5(S)-acetyIoxy-4(R)-methyl-2-piperidone 

(17.7 mg, 0.103 mmol) in methylene chloride (1.5 mL) was added 
tiimetfayloxonium tetrafluoroborate (16.8 mg, 0.1 13 nmiol). The reaction 
mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ediyl acetate, washed with saturated sodium 

25 hydrogencarbonate solution, saturated brine solution, dried (MgS04), and 
carefully evaporated (bath temperature <15*'C) to avoid loss of the 
volatile imino ether. The residue was treated with ammonium chloride 
(4.4 mg, 0.082 mmol) in refluxing ethanol (1.5 mL) for 3 hours. The 
reaction mixture was evaporated and triturated with ediyl acetate. The 

30 resulting solid was filtered, washed with ethyl acetate, and dried in vacuo. 




BNSDOCID: <WO 9€14844AlJ_> 



wo 96/14844 



PCTAJS95/148I2 



-140- 



10 



15 



20 



25 



30 



BNSDOCID: <WO 9614e44Ar 



1h NMR (400 MHz, CD3OD): 6 1.09 (d, 3H); 2.08 (s. 3H); 2.26 (m. 
IH); 2.45 (dd, IH); 2.89 (dd, IH); 3.37 (dd, IH); 3.69 (dd, IH). 

Mass spectmin m/e s= 171 (M +1). 



2-Iimno-3rSV4fRVO-isopropv1i dene-5(RVacetvloxv-piperidine hydrochloride 

S^P A; 3fR).4fR)-0-Isopropvlidene-5fRVacetvloxv-2-piperidone 

A solution of 5(R)-azidomethyl-3(R),4(R)-0-isopropylidene- 
dihydro-2(3H)-furanone [prepared according to Herdeis and Waibel, Arch. 
Pharm: 324, 269-274 (1991)] (460 mg, 2.16 mmol) in methanol (12 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the presence of 
20% palladium hydroxide on carbon (75 mg) for 4 hours at room temperature. 
The catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 ^m). The filtrate was ev^>orated, and the resulting solid dried in 
vacuo. The solid was treated with acetic anhydride (2 mL) and pyridine (3 
mL) until thin layer chromatography (10% methanol/CIH2Cl2) indicated 
complete conversion into a more mobile product The reaction mixture was 
evaporated and coevaporated several times with toluene. The product was 
purified by flash silica gel chromatography eluting with 2-3% 
methanol/(rH2Cl2. Pure title compound was obtained as a solid; yield 185 mg 



SlSE-B: 2-Imino-3(S).4rRVO-TsonronvlideTie-Sn?V acetvloxv-piDeridine 

hvdrochloride 



EXAMPLE 100 
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To a solution of 3(R),4(R)-0-isopropylidene-5(R)-acetyloxy-2- 
piperidone (99 mg, 0.432 mmol) in methylene chloride (3 mL) was added 
trimethyloxonium tetrafluoroborate (70 mg, 0.473 mmol). The reaction 
5 mixture was stirred for 1 8 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (MgS04). and carefully evaporated 
(bath temperature <15°C) to avoid loss of the volatUe imino ether. The residue 
was treated with ammonium chloride (18.4 mg, 0.344 mmol) in refluxing 
10 ethanol (4 mL) for 5 hours. The reaction mixture was evaporated, and the 
residue triturated with a mixture of ediyl acetate and diethyl ether. The solid 
was filtered, washed with diethyl ether, and dried in vacuo. 

iH NMR (400 MHz, CD3OD): 5 1.44 (s, 3H); 1.48 (s, 3H); 2.08 (s. 3H); 3.48 
15 (dd, IH); 3.57 (dd, IH); 4.73 (dd, IH); 5.00 (d, IH); 5.32 (m, IH). 

Mass spectrum m/e = 229 (M +1). 
20 EXAMPLE 101 

o 

^N'^NH Ha 



2-Iniino-3fS^.4fR^.5fRVtriacetvlQ xv-piperidine hydrochloride 

25 

Step A: 3fRV4n^\5fRVTriacetv loxv-2-piperidone 

3(R),4(R)-0-Isopropylidene-5(R>-acetyloxy-2-piperidone (80 mg, 
0.349 mmol) was treated widi 90% aqueous trifluoroacetic acid until thin-layer 
30 chromatography (TLC) indicated complete disappearance of starting material. 
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The reaction mixture was evaporated and coevaporated several times with 
toluene. The residue was treated with pyridine (1 mL) and acetic anhydride 
(0.7 mL) until conq>lete conversion into a more mobile product by TLC. The 
reaction mixture was evaporated and coevaporated several times with toluene. 
The product was purified by flash silica gel chromatography eluting with 2% 
methanol/CH2a2; yield 48.2 mg (51%). 

iH NMR (400 MHz. CDCI3): 5 2.06 (s. 3H); 2.12 (s, 3H); 2.14 (s, 3H); 3.52 
(m, 2H); 5.30 (td. IH), 5.50 (d. IH); 5.69 (m. IH); 5.76 (br s, IH). 

Stgp P: 2-Imino-3(S>.4fR).5rRVtriacetvloxv-pip eridine hvdmchlnridp. 

To a solution of 3(R),4(R),5(R>triacetyloxy-2-piperidone (46.7 
mg, 0.171 mmol) in methylene chloride (2 mL) was added trimethyloxonium 
tetrafluoroborate (28 mg, 0.189 mmol). The reaction mixture was stirred for 
18 hours at room temperature. The mixture was diluted with ethyl acetate, 
washed with saturated sodium hydrogencarbonate solution, saturated brine 
solution, dried (MgS04), and carefully evaporated (bath temperature <15*'C) 
to avoid loss of the volatile imino ether. The residue was treated with 
ammonium chloride (6.8 mg, 0.127 nmiol) in refluxing ethanol (2.5 mL) for 4 
hours. The reaction mixture was evaporated, and the resulting solid dried in 
vacuo. 



iH NMR (400 MHz, CD3OD): 5 2.03 (s, 3H); 2.09 (s, 3H); 2.12 (s, 3H); 3.43 
(dd, IH); 3.51 (dd, IH); 5.40 (m, IH); 5.61 (d. IH); 5.68 (m, IH). 



Mass spectrum m/e = 274. 
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c£?-Decahvdro-2-iimnoquinoline hydrochloride 
Step A: cis-QctahvdroquinQlin-2riHVone 

A suspension of Ig of 3,4,5,6,7.8-hexahydro-2(lH)- 
quinolinone in 1:1 mixnire of dioxane and ethanol was hydrogenated in 
presence of 250 mg of 10% palladium on carbon at 60 psi and room 
temperature for 4 hours. The catalyst was filtered on a bed of filter eel 
and washed with dioxane-ethanol mixture. The filtrate was concentrated 
to give a residue which was purified on silica gel using ethyl acetate as 
solvent to give 510 mg of the desired product containing about 10% 
trans-isomer. Recrystallization from hexane did not improve the isomer 
ratio. 

iH NMR (CDQs): 3.49(m,lH); 2.33(m,2H)1.2-2.0(m,llH) 

Step B: c/5-DecahvdrD-2-iminoquinoline hydrochloride 

The title compound was synthesized as described in examples 2 and 3 
ftom cis-octahydroquinoIin-2(lH)-one. 



iH NMR (DMSO): 3.49(m,lH); 2.53(m^H); 1.25-2.0(m,l IH); 
8.16(b,lH); 8.7(b,lH); 9.65(b.lH) 



EXAMPLE 103 




fran5-Decahvdro-2-iminoqmnoline hydrochloride 



Step A: frflW5-Octahydroquino1in- 2f lH>-one 
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A mixture of Ig (6.62 mmol) of 3.4^,6,7,8,-hexahydro- 
2(lH)-quinolinone, 2.8g (41 mmol) of sodium fonnate and 5 mL of 
formic acid was heated to reflux for 1 day The reaction mixture was then 
cooled and 20% sodium hydroxide solution was added to make it basic. 
5 This mixture was then extracted with ethyl acetate. The combined ethyl 
acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed to give a crude product. This was purified on silica 
gel using ethyl acetate as solvent to provide 752 mg of the desired 
product with about 10% of die cis- isomer. Recrystallization of this 
1 0 material from cyclohexane did not improve the ratio of the isomers. 

iH NMR (CDa3): 2.88(m.lH); 2.4(m^H)1.0-1.9(m41H) 

Step P; rrgyy.y-Pecahvdro-2-iminoQuinn T ine hvdrochlnrirfft 

The title compoimd was synthesized from trans-octahydroquinolin- 
2(lH)-one as described in examples 2 and 3. 

iH NMR (DMSO): 2.95(m.lH); 2.58(m,2H); 1.0-2.0(m.llH); 
20 8.12(b,lH); 8.76(b.lH); 9.70(b4H) 



EXAMPT F ind 
5H3 CH, 



30 



^^N^NH HCI ^^N^l 



25 H H ^' H H 



NH HCI 



4(S>-MgthyMarS).7ar.SVT>eThvdm-2-iminn-l -nvrinriinP h v drochlnrirf^ 
aiK» 4rRVMethv]-4an^) 7arRVDerhvdrn-7-i n iinn-1-pvrinrf^n ^ 
hydrochloride 

StgP A; 4fR-f.SVMethvl-4RrR-KSV7arR4.5;^- p erhvdiTwVpyrindin-^-on^> 
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A mixture of 1 g of 2-hydroxy-4-methyl-6,7-dihydro-5H- 1 - 
pyrindine (prepared according to A. Sakurai and H. Midorikawa, Bull 
Chem Soc Japan, 41. 165, 1968) and platinum oxide (0.5g) in 50 mL of 
glacial acetic acid was hydiogenated on a Parr shaker at room 
5 temperature and 50 psi for 2 days. The catalyst was filtered and washed 
with acetic acid. The filtrate was concentrated to give the desired lactam 
as a white solid after purification on silica gel using 2% methanol in ethyl 
acetate as solvent 

10 Step B: 4(SVMethvl-4a(SV7arSVperh vdro-l-pvrindiTi-2-one and 4(RV 
Methvl^a(RV7arRVperhvdro-1-Dvrindin-2-one: 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD column using 
15 90: 10 hexane:isopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-methyl-4a(S),7a(S)-perhydro-l-pyrindin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),7a(R)- 
perfaydropyTindin-2-one. 

20 iH NMR (CDOs): 5.45(b,lH); 3.8(m,lH);1.4-2.3(m,10H); 0.96(d,3H) 

Step C: 4rSVMethvl-4arS17afS>-peihvdrD-2-iTnino-l-pvrindine 
hvdrochloride and 4rR>-Methvl-4afRV7afRVperhvdro-2-imino-l- 
pvrindine hvdrochloride 
25 The tide compounds were prepared according to die method 

desoibed in Examples 2 and 3. The stereochemical assignments for 
these two compounds were confirmed by x-ray structure determination. 

iH NMR (CD30D): 3.9(m,lH); 1.4-2.5(m, IH); 1.06(d,3H) 

30 

4(S)-Methyl-4a(S),7a(S)-perhydro-2-imino-l -pyrindine hydrochloride 
specific rotation = +53.95° (c = 0.215. EtOH) 
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4(R)-Metbyl-4a(R),7a(R)-perhydro-2-iimno- 1 -pyrindine hydrochloride 
specific rotation - -54.550 (c = 0.22, EtOH) 

EXAMPLE IQg 

H f*^ H -'^^ 

CTx CTX 

^^^^N^NH HCI ^^^N'^NH HCI 

4(SVMethvl-4afS\8arSV-decahvdrQ-2-iminoquinoline hvdmc hloride and 
4fR)-Methv]-4arR\8afRVdecahvdro-2-iminoquino1 ine hydrochloride 

Step A: 4rR-l-S>-Methv1-4arR-i-S^,»arR-t.5;V^ecahvdroQ» inoline-2-nne; 



A mixture of 2-hydroxy-4-methyl quinoline (Ig) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydiogenated 
15 on a Parr shaker at room temperature and 50 psi for 2 days. The catalyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as a white solid after purification on silica gel 
using 2% methanol in ethyl acetate as solvent 

20 Step B: 4(SVMethv]-4arSyRar5S^-decahvdrrv iuinolin-2-one and 4fR^- 
Methvl-4afR).RarRVdecahvdmqn molin-2-one! 

The mixture of enantiomers obtained from the st^ A was 
separated into its chiral components using ChiralCel OD column using 
25 90: 10 hexane:isopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-methyl-4£(S).8a(S)-decahydroquinolin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),8a(R)- 
decahydroquinolin-2-one. 

30 iH NMR (CDQa): 5.42(b,lH); 3.6(m,lH); 2.3(m,lH); 2.0(m,lH); 1.1- 
1.7(m,8H); 0.96(d,3H) 
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Stftp r.' 4rSVMethvl-4arS^.8a(SV decahvdro-2-iniinoauinoline 
hydrochloride and 4fRVMethvl-4afR^.8 arRVdecahvdro-2-iimnoauinoline 
hydrochloride 

The title compounds were prepared according to the method 
5 described in Examples 2 and 3 and the assignment of stereochemistry 
was confimed by x-ray crystal structure determination. 

1h NMR (CD30D): 3.68(m,lH); 2.6(m, IH); 2.3(m,lH); 2.1(maH); 
1.25-1.96(m,9H); 1.04(d,3H) 

10 

4(S)-Methyl-4a(S),8a(S)-decahydro-2-iininoquinoline hydrochloride 
specific rotation = +12.310 (c = 0.195, EtOH) 

4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline hydrochloride 
15 specific rotations -12.50 (c = 0.2, EtOH) 



EXAMPLE 106 



20 




NH Ha 



2-lminf>-octahvd ro-quinolin-6 f5HVone-6-ethvlene ketal hydrochloride 
Step A: 3.4.7.S-Tetrahydro-quinolin-2riH>-6f5HVdione-6-etfavlene ketal 

25 

A solution of 1,4-cyclohexanedione monoethylene ketal (10 
g, 0.64 mol) and pyrrolidine (1 1 .6 mL, 0.13 mol) in toluene (50 mL) was 
heated at reflux for 2 h collecting water in a Dean-Stark trap. Half the 
volume was distilled off and die reaction cooled to room temperature. To 
30 the mixture was added a solution of acrylamide (10.9 g, 0.15 mol) in 

NJ^-dimethylacetamide (25 mL) and the mixture heated at 78 C for 18 h 
and 135 "C for 4 h. The reaction was cooled, water (100 mL) was added 
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and the mixture stirred 0.5h. The mixture was extracted with methylene 
chloride, dried (Na2S04), and evaporated. The solid was triturated with 
ether, collected and dried to give the tide compound. 

iH NMR (CDQa): 6 I -2.65 (m,10H); 3.88-4.05 (m,4H); 4.80 (m,4H); 
7.70 (b.lH) 

Mass spectrum m/e = 2 (M+ 1 ) 

Step B: 3.4.4a.7.8.8a-Hexahvdro-quin oIin-2( I H i-f^d] - {ione-6-ethvlene 
ketal 

A suspension of 3,4,7,8-tetrahydro-quino' :(1H>6(5H)- 
dione-6-ethylene ketal (0.5 g. 2.39 mmol) in ethanol (- iL) in the 
presence of 5% rhodium / aliuiina (0.5 g) was hydrogeiiated at 50 psi for 
2.5 h. The catalyst was removed by filtration through Celite and 
evaporated to give the title compound. 

iH NMR (400 MHz. CDCI3): 5 1.45-2.45 (m.l IH); 3.55 (m,lH); 3.94 
(m,4H); 5.74 (b,lH); 5.95 (b.lH) 

Mass spectrum m/e = 212 (M+1) 

Step C: 2-Tmino-OCtahvdro-Quino1in -6f5m-one-6-ethvlene 
hvdrochloride 

To a solution of 3,4,4a,7.8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (100 mg, 0.47 namol) in mediylene chloride 
(2 mL) was added trimetfayloxonium tetrafluoroborate (77 mg, 0.52 
nunol) and the mixture stirred at room temperature for 18 h. The reaction 
mixture was diluted with ethyl acetate (25 mL), neutralized with 
saturated sodium carbonate, the aqueous layer washed with ethyl acetate, 
and the combined organics washed with brine, dried (Na2S04) and 
evaporated below room temperature to give a crude oil. The oil was taken 
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up in ethanol (2ml), ammonium chloride (18mg, 0.33mmol)was added 
and the mixture refluxed for 3 h. The reaction mixture was evaporated t( 
dryness, the residue triturated with ethyl acetate and purified by flash 
chromatography using (80:20:2) acetonitrUe: water acetic acid as eluant 
5 to jdeld the tide compound. 

iH NMR (400 MHz, CD3OD): 6 1.60-2.73 (m,l IH); 3.63 (m,lH); 3.93 
(m,4H) 

10 Mass spectrum m/e = 211 (M+1) 



T?y AMPLE 107 

15 hH 

?-TTnino-octahvdro -qninolin-6( 5HVone hydrochloride 
fStep Ar Hexahvrfm-qiiiTioliii-7.f1H\6f5H>-dione 

20 

A solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (prepared as described in Example 106,Step 
B), (300 mg. 1.42 mmol) in 80% acetic acid / water (8 mL) was heated at 
65 **C for 1 h, evaporated to dryness, and coevaporated with toluene to 
25 give a solid. Purification was accomplished by flash silica gel 

chromatography using 3% methanol / methylene chloride as eluant to 
give the tide compound. 

iH NMR (400 MHz, CDCI3): 5 1.60-2.50 (m, 1 IH); 3.78 (m,lH); 6.60 
30 (b.lH) 

Mass spectrum m/e = 168 (M+1) 
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Stgp B: 2-Iniino-octahvdro-Quinolin-6r5HW)ne hvdmchlnririP 

The above compound was prepared in a similar fashion as 
5 Example 106, Step C. but substituting hexahydro-quinolin-2(lH).6(5H)- 
dione in place of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)-6(5H)-dione-6- 
ethylene ketal to yield the title compound. 

iH NMR (400 MHz, CD3OD): 5 1.70-2.64 (m,10H); 2.73 (m,lH); 3.97 
10 (m,lH) 

Mass spectrum m/e =167 (M+1) 



2-IimnQ-6-acetvl0XV-Ci.v-decahvdrnquin o line hvdmrhlnriH^ 

20 

StgP A; cis-34.4a.7.8.8a-Hexahvdm-qinnolin-2nH\-fir< > HVdione-f^ 
ethylene Wetal 

The above compound was prepared in a similar fashion as 
25 Example 106, Step B, but was fractionally crystallized from ethyl acetate 
to give greater than 96% cis isomer as the title compound. 



400MHz • H NMR (CDCI3): 5 1.45-2.45 (m, IIH); 3.55 (m, IH); 5.80 (b. 



15 



EXAMPLH inR 




30 



Stgp P: ns-Hexahvdro-Quinolin-2f lHV6rsm-^i^n^ 
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The above compound was prepared in a similar fashion as 
Example 107, Step A, to give the title compound. 

iH NMR (CDQS): 6 1.70-2.50 (m, IIH); 3.78 (m. IH); 6.57 (b, IH) 

5 

Step C: 6-Hvdroxv-cis-(A a RaVoctahv^r"-q"^""»"-2<^^HVone 

To a solution of cis-hexahydro-quinolin-2(lH),6(5H)-dione 
(50 mg, 0.30 mmol) in methanol (1 ml) cooled to 0 was added sodium 
10 borohydride (1 1 mg, 0.30 mmol) and the solution stirred for 0.5 h. Water 
(0.25 ml) was added and the reaction mixture was evaporated to give the 
crude title compound. 

iH NMR (400 MHz, CD3OD): 5 1.32-2.00 (m,10H); 2.28 (m,2H); 3.54 
15 (m,lH); 3.64 (m.lH) 

Step D: 6-Acetvloxv-cis-(4a.8a>-octahvdro-quinolin-2(lH>-ong 

To a mixture of crude 6-hydroxy-cis-(4a,8a)-octahydro- 
20 quinolin-2(lH)-one (203 mg, 0.86 mmol) in methylene chloride (5 mL), 
was added pyridine (2.8 mL), acetic anhydride (1 .4 mL), and 4- 
dimethylaminopyridine (23 mg). After 6 b the reaction mixture was 
diluted with methylene chloride (50 mL), washed with water, saturated 
sodium bicarbonate, brine, dried (Na2S04). and evaporated to give a pale 
25 yellow solid. It was subjected to flash chromatography using 2% 
methanol / mediylene chloride as eluant to give the title compound. 

iH NMR (400 MHz, CX>Cl3): 6 1.56-2.02 (m. 12H); 2.35 (m, 2H); 3.55 
(m, IH); 4.75 (m,lH); 5.74 (b.lH) 

30 

Mass spectrum m/e — 212 (M+l) 

Step E: 2-Imino-6-acetvloxv-cw-decahvdroquinoline hydrochloride 
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The above compound was prepared in a similar fashion as 
Example 106» Step C, but substituting 6-acetyloxy-cis-(4a,8a)-octahydro- 
quinoIin-2(lH)-one in place of 3,4.4a,7.8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal to yield the title compound. 

IH NMR (400 MHz, CD3OD): 5 1.50-2.20 (m,12H); 2.65 (m,2H); 3.64 
(m,lH); 4.80 (m4H) 

Mass spectrum m/e = 211 (M+1) 



15 



25 



30 



EXAMPT.F lOQ 

"°XXX 

^^rj^NH HCI 
g-lminO-6-hvdroxv-CT.v-decahvdrnq uinoline hydrochloride 



Ammonia gas was bubbled to a solution of 2-imino-6- 
acetyloxy-cis-decahydroquinoline hydrochloride, prepared previously as 
20 described in Example 108. Step E. (38 mg. 0.15 mmol) in methanol (2 
ml) at 0 "C for 5 min. The reaction flask was stoppered and stiired at 0 C 
for 3 h and at room temperature for 72 h. The reaction was evaporated to 
dryness and purified by flash chromatography using (80:16:2) 
acetonitrile: water acetic acid as eluant to give the title compound. 

iH NMR (400 MHz, CD3OD): 5 1.28-2.13 (m.l0H); 2.63 (m,2H); 3.60 
(m,lH); 3.68 (m. IH) 



Mass spectrum m/e =169 (M+1) 



EXAMPTF5; llQiii 
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CHaO 



HO 




NH HCI 



6a 



NH HCI 



:)-Tminn-S-mftrtinYv-cis-perhvdn>-pvrindene hydrochloride fExample 
1 10> and 2-unino-5-hvdroxv-cis-perhvdro-Pvrindene hydrochloride 
5 fExample nn 

Step A: 3.4.6.7-Tetrahydro-pvrindene-2f lH>-5-dione 



10 acrylamide (29 g, 0.41 mol)« and p-toluenesulfonic acid monohydrate 
(2.3 g, 0.01 mol) in NJ^-dimethylacetamide (20 mL) was heated at 85 **C 
for 18 h and 150 **C for 3 h. The reaction mixture was cooled, water (100 
mL) was added and stirred for 0.5 h. Methylene chloride (100 mL) was 
added, the layers were separated, the aqueous layer washed with 

15 methylene chloride, the combined organics dried (Na2S04) and 

eyaporated to giye a gum. Purification by flash chromatography using 2% 
methanol / methylene chloride as eluant gaye the title compound. 

iH NMR (400 MHz, CDCI3): 6 2.52 (m, 4H); 2.62 (m, 4H); 8.32 (b, IH) 

20 

Mass spectrum m/e = 152 (M+1) 

Step B: 5-Hydroxy-cis-perfaydro-pyrinden- 2(im-one 

25 A suspension of 3,4,6,7-tetrahydn>-pyrindene-2( 1 H)-5-dione 

(2.8 g, 0.19 mol) in etfaanol (150 mL) in the presence of 5% rhodium / 
alumina was hydrogenated at 50 psi for 18 h. The catalyst was lemoyed 
by filtration through Celite and eyaporated to giye the title compound. 



30 1 H NMR (400 MHz, CDCI3): 5 1.69-1.95 (m, 7H); 2.14-2.33 (m, 2H); 
2.47 (m, IH); 3.74 (m, IH); 4.33 (m,lH); 4.33 (m,lH); 6.04 (b, IH) 



A mixture of 1,3-cyclopentanedione (20 g, 0.20 mol). 
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Compound A: 2-Tmino-S -methoxv-cis-perhvdro-Pvrindene hvdrOCMQriae 
Compound B: 2-Tinint>-5- hvdroxv-cis-perhvdro-Pvrindenc hvdrochloridg 



The above compounds were prepared in a similar fashion as 
5 Example 106, Step C, but substituting 5-hydroxy-cis-perhydro-pyrinden- 
2(lH)-one in place of 3.4,4a,7,8,8a-hexahydro-quinolin-2(lH)-6(5H)- 
dione-6-ethylene ketal. Purification by flash chromatography using (80: 
8: 2) acetonitrile: water: acetic acid as a eluant separated the above two 
title compounds A and B; 

10 

Compound A: NMR (400 MHz, CD3OD): 5 1.70-2.10 (m,8H); 2.47 
(m,3H); 2.70 (m,lH); 3.85 (m, 2H) 

Mass spectrum m/e s 169 (M+1) 

15 

Compound B: NMR (400 MHz, CD3OD): 6 1.70-2.10 (m,7H); 2.34- 
2.52 (m,2H); 2.75 (m,lH); 3.85 (m.lH); 4.29 (m,lH) 

Mass spectrum m/e =155 (M+1) 

20 



EXAMPLE 112 

^-^N^NH HQ 
H 

25 EXAMPLE 112 

L-776,009-001V 

2-Imino-5-hvdroxv-4a-methvl-trans-r4a.8aVdecahvdroquinoline 

bydroghlori^g 

30 

Step A: 4a-Methvl-3.4.6.7-tetrahvdro-quinolin-2f im.5(4aHVdione 
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The title compound was obtained from 2-methylcyclohexane-l,3- 
dione and aciylamide by the mediod described in example 110, step A. 

iH NMR (CDQa): 7.77 (br. IH), 5.14 (dd, 1 H), 2.78 (m, IH). 2.58 (m, 
5 2H), 2.53 (m. IH). 2.43 (m. 2H), 2.04 (m. IH), 1.80 (m, IH). 1.38 (s, 
3H). 

Mass spectrum m/e =180 (M-f 1) 

10 

Step B: 5-Hvdroxv-4a-methvl-trans-(4a.8a)-octahvdro-quinolin-2f IHV 
one 

The title compoimd was obtained from 500 mg of 4a-mediyl- 
1 5 3,4,6,7-tettahydro-quinoIin-2( lH),5(4aH)-dione by the method described 
in example 1 10. step B with the following additions: The erode solid was 
purified by silica gel chromatography on a 21 x 130 mm column eluting a 
gradient from 0 to 5% methanol in methylene chloride to afford 185 mg 
of the tide compound. 

20 

iH NMR (CDC13): 5.64 (br, IH), 3.37 (dt, IH), 3.08 (dd, IH), 2.47 (m. 
2H). 2.1 1 (m, IH). 1.80 (m. 2H), 1.57 (m, 2H), 1.46 (m, 4H), 0.95 (s, 
3H). 

25 Mass spectrum m/e = 1 84 (M+1) 



Step C: 2-lmmo-5-hvdroxv-4a-methvl-trans-f4a.8aVdecah vdroquinoline 
hydrochloride 

30 

The tide compound was obtained from 180 mg of 5-hydroxy-4a- 
methyl-trans-(4a.8a)-octahydro-quinolin-2(lH)-one by the method 
described in examples 2 and 3. 
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10 



15 



20 



25 



iH NMR (CD3OD): 3.36 (dt. IH), 3.12 (dd, IH), 2.70 (dd, 2H), 2.08 (m, 
IH), 1,83 (m, IH), 1.70 (m, 2H), 1.57 (m, 2H). 1.44 (m, 2H), 0.87 (s. 
3H). 

Mass spectrum m/e =183 (M+l) 



2-Inuno-5-fluoro-5-metfavl-cis-f4a.8aVdecahvdroquinoIine hydrochloride 
Step A: 5-Fluoro-5-inethvl-cis-(4a.8aVoctahvdro-quino1in-2nHVone 

To a solution of 150 mg (0.82 mmol) of 5-hydroxy-4a-methyl- 
trans-(4a,8a)-octahydro-quinolin-2(lH)-one in 2 mL methylene chloride 
at 0 oc was added 0.108 mL (0.82 mmol) dietfaylaminosulfur tiifluoride 
dropwise. After stiiring for one hour, apply reaction mixture directiy to a 
21 X 300 mm silica column and purify by eluting with 20% 
acetone/methylene chloride to afford 55 mg of the tide compound as a 
4:1 mixture of cisitrans diastereomers. 

iH NMR (CDQs): 6.19 (br, IH), 3.31 (dt, 1 H), 2.51 (m, IH), 2.28 (m, 
IH), 2.21-1.90 (m, 5H), 1.85-1.50 (m, 4H), 1.40 (d, J = 22 Hz, 3H). 

Mass spectrum m/t 186 (M+1) 



Step B: 2-Imino-5-fluoro-5-methvl-r is-r4a.8aVdecahvdroquinoline 
hydrochloride 



EXAMPLE 113 




NH HCI 
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The titie compound was obtained from 55 mg of 5-fluoro-5- 
methyl-cis-(4a,8a)-octahydro-qiunolm-2(lH)-one by the method 

described in Examples 2 and 3. 

5 iH NMR (CD3OD): 3.57 (dt. IH), 2.67 (m, 2H). 2.20 (m, 2H). 2.08 (m, 
IH). 1.95 (m, IH). 1.88-1.68 (m. 5H), 1.44 (d, J = 23 Hz, 3H). 

Mass spectrum m/e = 185 (M+1) 

10 

EXAMPLE 114 




NH HCI 



15 5- Acetox v-2-imino-cis-f 4a.8aVde cahvdroquinoline hydrochloride 
Step A: 5-Acetoxv-cis-(4a.Ra>-octahvdroquinolin-2f lH>-one 

To a solution of 100 mg (0.59 mmol) of 5-hydroxy-cis-(4a,8a)- 
20 octahydroquinolin-2(lH)-one (prepared as shown in Example 110, Step 
A and B) in 1 mL pyridine at 25 was added 0.046 mL (0.65 mmol) 
acetic anhydride and 8 mg dimetfaylaminopyridine. After stirring for 16 
hours, apply reaction mix directly to a 21 x 130 mm silica column and 
purify by eluting a gradient from 0 to 5% methanol/methylene chloride to 
25 afford 80 mg of the title compound as a cis racemate. 

iH NMR (CDCI3): 6.19 (br, IH), 4.88 (m, IH), 3.41 (m, 1 H), 2.47 (m. 
IH), 2.35 (m. 2H), 2.05 (s, 3H), 1.77 (m, 5H), 1.45 (m, 2H), 1.30 (m, 
IH). 

30 

Mass spectrum, m/e = 212 (M+1) 
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SteP B: 5-Acetoy v-2-iniino-cis-r4a.RaVd ecahvdroQuinn1in<> 

hYdrpghloridg 

5 The title compound was obtained from 80 mg of 5-acetoxy-cis- 

(4a,8a)-octahydroquinolin-2(lH)-one by the method described in 
examples 2 and 3. 



10 



15 



iH NMR (CD3OD): 4.94 (dt, IH), 3.59 (dt, IH), 2.73 (dt, IH), 2.62 (m, 
IH), 2.40 (m, IH). 2.04 (s, 3H), 1.89 (m, 2H), 1.86-1.71 (m, 4H). 1.53 
(m. 2H). 

Mass spectrum m/e = 211 (M+1) 



EXAMPT.F.n^ 
HO 



N^NH HQ 



20 g-HvdroXY-2-iminO-cis-r4a.RaVderahv^ < yoQuinnlinft hydrochloride 

To a solution of 30 mg (0. 14 mmol) of 5-acetoxy-2-imino-cis- 
(4a.8a)-decahydroquinoline hydrochloride in 1 mL methanol at 0 was 
added ammonia gas by bubbling in through a needle. After stirring for 64 
25 hours, apply reaction mix directiy to a 8 x 50 mm silica column and 

purify by eluting 80:16:4 acetonitrile/water/acetic acid to afford 15 mg of 
the tide compound as a cis racemate. 

IH NMR (CD3OD): 3.80 (dt, IH). 3.52 (dt, IH). 2.74 (dt, IH). 2.58 (m. 
30 IH). 2.21 (m. IH), 1.93 (m. 2H), 1.77 (m. 2H). 1.66 (m. 2H). 1.35 (m. 
2H). 

Mass spectrum m/e =169 (M+1) 
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EXAVrPLElie 




2-Imino-octahvdro qmnoHn-7(RHVQne-7-ethvlene ketal hydrochloride 
Step A: y-Acetvl-T-ethoxvpimelonitrile 

10 

To a 50 mL round bottom flask fitted with a Teflon stirrer 
were added 13 gm (100 mmol) of ethyl acetoacetate, 15 mL of tert- 
butanol and 7.5 mL of benzyltrimethylammonium hydroxide (Triton B™, 
40 % by weight) in methanol. The solution was cooled to 4 with ice 

15 and added dropwise over 10 min 10.6 g (100 mmol) of aciylonitrile 

keeping the solution temperature <20 OC. The reaction was stirred for 4 h 
at 25 ^C. The product falls out of solution and the mixture became a 
solid mass. Cold water (100 mL) was added to suspend the precipitate 
and filtered. The crystalline product was washed widi 2X 20 mL of ice 

20 water and dried under reduced pressure at 60 ^ overnight to recover 
18.5 g (78%) of product. 

iH NMR (400 MHz, CDCI3) 5 1.30(t, 3H, J=7 Hz); 2.1-2.4(m, 8H); 
2.19 (s. 3H); 4.27 (q. 2H. J=7 Hz). 

25 

Step B: 3.4.4a.5-Tetrahvdroquinolin-2fl HV7(6HVdione 

This procedure is taken from C. F. Koelsch et al. J. Am. 
Chem. Soc, 1959, 72, 346. y-Acetyl-'jtethoxypimelonitrile (18.5 g) was 
30 treated with a hot solution (120 ^) of 41 mL of concentrated sulphuric 
acid and 18 mL of water. After heating at 140 OC for 15 min, the 
solution was poured into 200 mL of ice water with mechanical stirring 
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and added CaCOa until the pH> 6.0. The precipitated CaS04 was 
filtered and washed with 3X 100 mL of water. The water was removed 
under reduced pressure and the residue was reciystallized from boiling 
water to recovered 4.5 g (36%) of product; (Lit. yield= 42%). mp=233- 
5 235 OC (Lit = 234-235 
OC). 

iH NMR 400 MH2(CDC13) 5 1.55-1.85(m, 2H); 2.0-2.1(m. IH); 2.15- 
2.25 (m. IH); 2.35-2.7 (m, 5H); 5.40 (s, IH); 7.90 (bs. IH). 

10 

Step C; 3.4.4a.5-Tctrahvdro-auinolin-2( 1 H'>.7(6H>-dione .7-ethvleneketa1 

A mixture of the vinylogous imide 3,4,4a.5- 
tetrahydroquinolin-2(lH)-7(6H)-dione (1.30 gm. 7.9 mmol) . ethylene 

1 5 glycol (4.7 mL), p- toluenesulphonic acid (100 mg), and benzene (200 
mL) was heated under reflux with stirring using a Dean Stark water 
separator for 40 h. After the solvent was removed under reduced 
pressure, the resulting residue was extracted with chloroform. The 
extract was washed with saturated NaHC03 and brine, evaporated to give 

20 a solid which was chromatographed on silica gel (95/5 - CH2CI2/ 
MeOH). Chromatography gave 980 mg of product. Yield=60%. 

iH NMR (400 MHz. CDa3) 6 1.7-1.8(m, 3H); 2.0-2.1(m, IH); 2.1-2.2 
(m, 5H); 2.4-2.5(m, 2H); 3.97 (s, 4H); 7.28 (bs. IH). 

25 

Step P: Hexahvdro-Quinolin-2nm,7rRH^-dione 7-ftfhvii.t^^ Vtfl ] 

The product of step C (980 mg, 4.7 mmol) was 
hydrogenated over 5% Rhodium/alumina (1.0 g) in 10 mL of ethanol at 
30 50 psi for 1 8 h. The catalyst was filtered from the solution and the filtrate 
evaporated under reduced pressure. The solid was chromatographed on 
sihca gel (97/3 - CH2a2/ MeOH) and 570 mg of the desired product was 
recovered along with 150 mg of starting material. mp=171-1730. 



BNSDOCID: <WO 9614844A1_t_> 



wo 96/14844 



PCT/US9S/148I2 



- 161 - 

iH NMR 400 MHz(CDCl3) 5 1.4-2.3 (m. 9H); 2.4-2.55(m, 2H); 3.75(m, 
IH); 3.9 (bs. 4H); 6.2 (bs. IH). 

Step E: 2-Methoxv-hexahvdro-quinolin-7r8H>-one-7-ethvleneketa1 

5 

In a 10 mL round bottomed flask fitted with a stirrer bar 
were added 100 mg of 3 A molecular sieves (Linde), 4 mL of methylene 
chloride and 162 mg of trimethyloxonium tetrafluoroborate (1.1 mmol) 
andcis-octahydn>quinoline>2-oneJ-ethyleneketal (211 mg, 1.0 nmiol). 
10 The mixture was stirred under N2 for 4 h at 22 °C. The solution was 
diluted with 10 mL of CH2CI2 and washed with 2x5 mL of 5% 
NaHC03. The organic layer was dried over MgS04, filtered, and 
concentrated. Recovered 190 mg of a cream colored solid which by 
NMR was the desired product 

15 

iH NMR 400 MHz(CDa3) 5 1.3-1.65(m, 5H); 1.8-1.9(m, 3H); 
2.03(ddd. IH, J=rl4H2, J=7Hz, J=3H2); 2.2 (m, 2H); 3.61 (s, 3H); 
3.77(bd, IH); 3.9-4.0 (m, 4H). 

20 Step F; 2-Imino-OCtahvdroouino1in-7rRHVone-7-ethvlene ketal 
hvdrochlnride 

In a 25 mL glass pressure bottle fitted with a Teflon stirring 
bar were added iminoether (180 mg, 0.8 nmiol). ammonium chloride (39 
25 mg, 0.72 mmol) and 2 mL of eflianol. The tube was sealed and heated at 
100 OC overnight. The solvent was removed in vacuo and added ethyl 
acetate when the product precipitated. The solid was filtered and dried to 
recover 120 mg of the hydrochloride salt 

30 lHNMR400MHz(CD3OD) 6l.55-1.62(m, IH); 1.63-1.88(m,5H); 
1.925 (d, IH, J=2Hz); 1.936 (d, IH, J=2Hz);2.1(m, IH,); 2.65(dt, 2H, 
J=10 Hz, J=2.5 Hz); 3.77 (m, IH). 

Mass Spectrum m/e = 207 (M+1 ). 
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FXAMPLE117 



5 




2-Imino-octahvdro-quinolin-7f8H>-one hydrochloride 
Step A: cis-O ctahvdroquinolin-2f im.7(8HVdione 

10 

Hexahydro-quinolm-2(lH),7(8H)-dione,7-e±yleneketal 
(160 mg, 76 mmoL) was suspended in 5 mL of 2N HCl and sdned 
overnight at room temperature. Then solid K2CO3 was added to 
neutralize the solution. The solvent was removed under reduced pressure 
15 and the residue extracted with chloroform. The CHCI3 solution was 
concentrated under reduced pressure and the residue reciystallized firom 
EtOAc and hexane. Recovered 110 mg of product. 

lHNMR(400MHz,CDa3)5l.8-2.1(m,5H);2.3-2.45(m.5H); 1.65 
20 (dd, IH, J=17Hz, J=6H); 3.95(m, IH); 6.15 (bs, IH). 

StepB: 2-Methoxv-hexahvdro-quinolin-7f8H^-one 

This product was made by the procedure described for step 
25 E of example 116. 

iH NMR (400 MHz, CDCI3) 5 1.75-1.9(m, 4H): " l-2.17(m, IH); 2.19 
(t, IH. J=6Hz); 2.30(t, IH, J=6 Hz); 2.41 (dd,lK . ^16 Hz. J=7 Hz); 2.67 
(dd.lH. J=14 Hz. J=5 Hz); 3.58 (s, IH); 3.89 (m, IH). 

30 

Step C: 2-Imino-octahvdro -quinolin-7f SHVone hydrochloride 
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This product was made by the procedure described for step F 
of example 1 16. 

iH NMR (400 MHz, CD3OD) 5 1.9-2.0(m, 3H); 2.04(m, IH, J=7Hz); 
5 2.4-2.5 (m, 3H); 2.58(dd, IH, J=12 Hz, J=7 Hz); 2.65-2.8 (m, 3H); 4.0- 
4.07 (m, IH). 



10 



xccx 

CHa'^O'^^-^N'^NH HCI 
H 



7-AcetvlQXV-2-imino-trans-(4a.8aVdecahvdroquinoline hydrochloride 

15 Step A: 7-Hvdroxv-octahvdro-trans-f4a.8a>-quinoKn-2nHVone 

3A4a,5-Tetrahydroqumolin-2(lH)-7(6H)-dione (2.92g, 17 
mmol) was added to a small Parr pressure bottle with 220 mg of platinum 
oxide and 75 mL of acetic acid. The solution was pressurized to 50 psi 

20 wifli H2 and shaken for 18 h. The catalyst was removed by filtration and 
the acetic acid stripped off under reduced pressure. Two major products 
were observed by TLC (97/3 CH2Cl2/MeOH). The lower Rf material, a 
mixture of 4a,8a- cis and trans ring junction 7-ors (4(X) mg) was isolated 
by column chromatography (97/3 CH2Cl2/MeOH). This material was 

25 fiirther purified by recrystallization from ethyl acetate whereupon the 
trans-4a,8a-ring junction -7-ol crystallized out of solution (7-OH 
configuration unknown). 

iH NMR 400 MHz(CDCl3) 6 1.05-1.15(m, IH); 1.2-1.7(m, 5H); 1.7-1.8 
30 (m, 2H.); 1.95-2.15 (m, 2H); 2.3-2.5 (m, 2H); 2.65 (bs, IH, -OH); 2.95 
(m, IH); 3.7 (m, IH); 6,45 (bs, IH). 

Step B; 7-Acetvloxv-octahvdrf>-trans-r4a.8aVauino1i n-2nHVone 
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7-Hydroxy-octahydro-trans-(4a,8a)-quinolin-2( 1 H)-one (89 
mg, 0.82 mmol) was dissolved in 5 mL of pyridine. After cooling to 4 
oC acetyl chloride (1 16 mJL) was added dropwise widi stirring. The 
5 reaction was stirred 20 minutes, the solvent was removed in vacuo, then 
added lOmLof CH2a2 and washed with 2x2 mL of 2 NHCl. The 
organic layer was dried over MgS04. The filtrate was reduced in volume 
and chromatographed (97/3 CH2a2/MeOH) to give 51 mg of the title 
compound. 

10 

iH NMR (400 MHz, CDCI3) 5 1.2(dq, IH, J=12 Hz, J=3Hz); 1.3-1.5(m, 
5H); 1.75-1.85 (m, 2H,); 2.01 (s, 3H); 2.0-2.05 (m,lH); 2.1-2.15 (m, IH); 
2.3-2.5 (m, 2H); 3.0 (m, IH); 4.7 (m, IH); 6.25 (bs, IH). 

15 Step C: 7-Acetvloxv-2-methoxv-octahvdro-trans-f4a.8aVquinoline 

7- Acetyloxy-octahydro-trans-(4a,8a)-quinolin-2( 1 H)-one 
was converted to the above compound as previously described in step E 
of example 1 16. 

20 

iH NMR (400 MHz, CDQs) 5 1.0-1.2(m, 2H); 1.22-1.35(m, IH); 1.35- 
1.45 (m, 2H.); 1.72-1.8(m, 2H); 2.02 (s, 3H); 2.2-2.3 (m, 2H); 2.4-2.5 
(m,lH); 2.85-2.9 (m, IH); 2.95 (m, IH); 3.61 (s, 3H); 4.82 (m, IH). 

25 Step D: 7-Acetvloxv-2-imino-trans-(4a.8aVdecahvdroquinolme 
hydrochloride 

7-Acetyloxy-2-methoxy-octahydro-trans-(4a,8a)-quinoline 
was converted to the title compound as prevously described in step F of 
30 example 116. 

iH NMR (400 MHz, CD3OD) 6 1.25-1.35(m, IH); 1.4-1.55 (m,4H,); 
1.85-1.95(m, 2H); 2.02 (s, 3H); 2.0-2.15 (m.lH); 2.33-2.4 (m, IH); 2.7- 
2.8 (m, 2H); 3.1-3.2 (m, IH); 4.8-4.9 (m, IH). 
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FYAMPTHllQ 




7-PvHmYv-2-iTnino-trans-(4a.8a VHecahvdroQuinoline. acetic acid srft 

7-Acetyloxy-2-iimno-trans-(4a,8a)-decahydroquinoIine 
10 hydrochloride (28 mg, 0.12 mmol) was added to 1 mL of methanol in a 2 
dram vial. The solution was cooled to 4 ©C and ammonia gas was slowly 
bubbled in with vigorous stirring. The vial was sealed and the solution 
let stand at 4 OC overnight The next morning, the solvent was removed 
under reduced pressure and the residue chromatographed over silica gel 
15 (17/2/1 - acetonitrile/water/acetic acid). The title compoimd was 
recovered (R^.25, 7mg). 

iH NMR (200 MHz, CDCI3) 6 1.20-1.60(m, 5H); ; 1.8-1.9(m, 2H); 
1.95-2.1 (m,2H); 2.3-2.4 (m, IH); 2.7-2.8 (m, 2H); 3.1-3.2 (m, IH) (9p- 
20 proton); 3.6-3.8 (m, IH). 

Mass Spectrum m/e = 169 (M+1) 



25 FX AMPLE 120 




NH HOAc 



7-Acetvloxv-2-imino-decahvdroquinoline. a cetic acid salt 

30 

Step A: 7-Acetvloxv-octah vdro-quino1in-2nHVone 
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7-Hydroxy-octahydro-quinolin-2(lH)-one, ((3/7 ratio), 250 
mg, 1.48 mmol) was recovered from the mother liquors from the Pt02 
catalyzed hydrogenation of 3,4.4a,5-tetrahydroqumolin-2(l H)-7(6H)- 
5 dione (example 118 step A). This material was acetylated with acetic 
anhydride (2.4 mL) and 4-(dimethylamino)pyridine (40 mg) in pyridine 
(4.8 mL) at 0 ©C. After 6 h, no starting material was seen by TLC. The 
solvent was removed under reduced pressure. Methylene chloride (100 
mL) was added to the residue A^hich was .^quentially washed with 3x 25 
10 mL of water, 2x 25 mL of 5% sodium bicarbonate, and 2x 25 mL of 

brine. After drying over MgS04, the solution was filtered and reduced in 
volume. Chromatography (96/4 CH2Cl2/MeOH) gave 160 mg of a 60/40 
mixture of cis/trans isomers (by NMR). 

15 iH NMR (400 MHz, CDCI3) 5 2.007 (s3H) (cis acetyl); 2.013 (s,3H) 
(trans acetyl); 3.0 (m, IH); 3.75 (m, IH). 

Stpp P: 7-AcetYloxv-2-methoxv-octahvrf r o-auino1ine 

7-Acetyloxy-octahydro-quinolin-2(lH)-one (120 mg) was 
20 converted to the above compound as previously described in Step E of 
example 1 16. This product was carried on through to the amidme acetate 
without characterization. 

StgP C: 7-Acetvloxv-2-imino-decahvrfroau3nolinP. ar e tic acid salt 

7-Acetyloxy-2-methoxy-octahydro-quinoline was converted 
to the tide compound as prcvously described in step F of example 116. 

Mass Spectrum m/e = 21 1(M+1). 

30 

EXAMPLE 171 
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CH3 

NH HCI 

2-TminQ-3-Methvl-ngtahvdro-cis -pvranoM.5-fc /-pyridine hydrochloride 
5 Step A: Benzv]-ftetrahvdro-pvran-4-vlidene>-ainine 

A solution of tetnihydro-f4H;-pyran-4-one (10 g, 100 
mmol), benzylamine (10.7 g, 100 mmol), and 50 mL of toluene was 
heated to reflux with a Dean-Stark trap under N2 for 20 h. The mixture 
10 was cooled and the solvent removed under reduced pressure. The residue 
was distilled under reduced pressure (105-107©, 0.09inm Hg) and 5.6 g of 
product was isolated, yield=30%. The bulk of the reaction mixture 
polymerized during distillation. 

15 iH NMR (200 MHz, CDCI3) 6 2.5 (q.4H, J=8 Hz); 3.73-3.83 (t, 2H. 
J=8Hz); 3.85-3.95 (t, 2H, J=8Hz); 4.58 (s,2H); 7.2-7.4 (m, 5H). 

5Step B: l-Benzvl-3-methyl-1.3.4.5.7.8-hexahvdro-pvrano/4.5-fe7pyridin- 
2=SD& 

20 

To a solution of benzyl-(tetrahydro-pyran-4-ylidene)-amine, 
(950 mg, 5 mmol) in a glass wall pyrolysis mbe was added methyl 
methacrylate (750 mg, 7.5mmol, 1.5 equiv). This mixture was heated for 
5 days. Then anotiier 1.5 g of metiiyl mediacylate was added (15 nmiol, 
25 2 equiv) and heating continued for 4 more days. The mixture was 
transferred to a round bottomed flask and the volatile component 
removed under reduced pressure. The residue was chromatographed 
(80/20 hexane/ethylacetate) and a lower Rf spot (530 mg, UV active on 
fluorescent treated silica gel plate) was isolated. 

30 

iH NMR (400 MHz, CDQs) 6 1.25(d,3H, J=7 Hz); 1.9-2.0 (m. IH); 2.1- 
2.17(m, 2H); 2.1-2.17(m, IH); 2.6-2.7 (m, IH); 3.68-3.75 (m, IH); 3.75- 
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3.83 (m, IH); 4.06 (q, 2H, J=14 Hz); 4.72 (d.lH, J=16 hZ); 4.92 (d,lH. 
J=16 Hz); 7.12 (d, IH, J=7 Hz); 7.20 (t, IH, J=7 Hz); 7.25-7.29 (m. 3H). 

Step C; l-Benzvl-3-methvl-octahvdro-cis-pvranoA4..?-/>7p vridin-2-one 

5 

1 -Benzyl-3-methyl- 1 ,3,4,5,7,8-hexahydro-pyrano[4,3- 
b]pyridin-2-one (570 mg, 22.2 rnmol) was dissoved in ethanol ( 1 0 mL) 
and placed in a small Parr pressure flask containing 270 mg of 5% 
rhodimn/Al203. This mixture was pressurized to 60 psi and shaken for 
10 20 h. The catalyst was filtered and the filtrate reduced in volume. Three 
separate spots were observed by TLC (65/35 hexane/ EtOAc). The UV 
active derivative was isolated by flash chromatography (90 mg) and 
shown to be the desired product by NMR. 

15 iH NMR (400 MHz. CDCI3) 6 1.30 (d.3H, J=7 Hz); 1.7-1.8 (m, IH); 

1.82-1.95 (m, 2H); 2.08(q, IH, J=13 Hz); 2.45.2.55 (m, IH); 3.24 (dt, IH, 
J=16 Hz, J=2 Hz); 3.3-3.4 (m. IH); 3.48(dd, IR J=16 Hz. J=2 Hz); 3.77 
(d.lH, J=12 Hz); 3.926 (d.lH, J=15 Hz); 3.90 (m, IH); 5.27 (d. IH, J=15 
Hz); 7.2-7.35 (m, 5H). 

20 

Step P: 3-Meybvl-nrtahvdro-cis-T)vrano/4 ?-fe7pvri^jn-7-^,^^ 

l-Benzyl-3-methyl-octahydro-cis-pyrano[4,3-b3pyridin-2- 
one (90 mg, 0.35 nmioL) was placed in a 25 mL 3-neck flask fitted with a 

25 Teflon stirrer bar, gas inlet valve and a dry ice condenser. The flask was 
flushed with N2 and anunonia was condensed into the flask (15 mL). 
Then sodium metal was added portionwise into the solution until a blue 
color just persisted (-25 mg). After 1 h, 30 mg of ammonium chloride 
was added. TTie ammonia gas was allowed to evaporate, 3 mL of water 

30 was added and the resultant solution extracted with CH2CI2. The organic 
layer was dried over MgS04, filtered and the residue chomatographed on 
silica gel (98/2 CH2a2/MeOH) to recover 22 mg of product. 
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iH NMR (400 MHz, CDQs) 6 1.18 (d,3H, J=10 Hz); 1.7-1.85 (m, 4H); 
2.0-2. Km, IH); 2.35.2.45 (m. IH); 3.35-3.4 (m, IH); 3.5-3.6(m, IH); 
3.62 (dd,lH, J=12 Hz. J=3 Hz); 3.77(d,lH, J=12 Hz); 3.75-3.80 (m, IH). 

5 StepE: 2-Methoxv-3-me thv1-hexahvdro-cis f^iinpvranoA'^.5-^>/pvridine 

3-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (22 mg, 
0.14 mmol) was converted to the imino ether by Ae method as previously 
described in step E of example 1 16 to recover 20 mg of product 

10 

iH NMR 200 MHz(CDCl3) 6 1.14(d3H. J=7 Hz); 1.3-1.5 (m, IH); 1.6- 
1.9 (m, 5H); 2.2-2.4(m, IH); 3.37 (dt, IH. J=12 Hz, J=2 Hz); 3.5-3.62 (m, 
IH); 3.61 (s, 3H); 3.6-3.7(m, IH); 3.8-3.9 (m. IH). 

15 Step F: 2-Imino-3-Methvl-octahvdro-cis-pvranoA^.5-fc7-pvridine 

hydrpcWoyjidg 



2-Methoxy-3-methyl-hexahydro-cis (4H)pyrano[4.3- 
b]pyridine (20 mg. 0.1 mmol) Was converted to the above compound as 
20 prevously described in step F of example 116. 

iH NMR (400 MHz. CD3OD) 8 1.18-1.25 (m, IH); 1.36 (d.3H. J=7 Hz); 
1.7-1.9(m. 4H); 2.0-2.1 (m. IH); 2.8-2.9(m, IH); 3.425 (dt. IH. J=12 Hz. 
J=3 Hz); 3.65-3.7 (m, IH); 3.6-3.7(m. IH); 3.7-3.8 (m, 2H); 3.9 (m, IH). 



25 



30 



Mass Spectrum (M+l>=191. 



EXAMPLE 122 

CH3 



NH HCt 
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2-Imino-4-metfavl-octahvdro-pvtanoM.3-j> /pyridine hydrochloride 

Step A: 1 -Benzvl-4-methvl- 1 .3.4.5.7.8-hexahvdro-PvranoA4.3-fe ?pvridin- 

5 

To a solution of benzyl-(tetrahydio-pyran-4-ylidene)-aimne, 
(5.0g, 26 mmol) in a glass wall pyrolysis tube was added methyl 
crotonate (40g, 260 mmol, lOequiv) and heated for 7 days. The mixture 
was transfered to a round bottomed flask and die volatile component 

10 remoyed under reduced pressure. The mixture was chromatographed 
(75/25 hexane/ethylacetate) to give three spots. Hie hightest Rf material 
was the Michael addition adduct of benzyl amine to methyl crotonate. 
The next lower Rf spot is 4-methyH,3.4,4a^,7-hexahydro-pyrano/^,5- 
!77pyridin-2-ylidene-amine, the 8,8a unsaturated analog of the bicyclic 

15 pyran while the lowest Rf product is the desired intermediate (900 mg, 
3.5 mmol) 

iH NMR (400 MHz, CDCI3) 5 1.02 (d,3H. 1=6 Hz); 2.1-2.2 (m, IH); 
2.25-2.35(m, 3H); 2.70 (dd,lH, 1=12 Hz, J=6 Hz); 3.65-3.70 (m, IH); 
20 3.75-3.85 (m, IH); 4.10 (q, 2H, J=14 Hz); 4.65 (d,lH, J=16 Hz); 5.01 
(d,lH, J=16 Hz); 7.1-7.3 (m, 5H). 

Step B: 4-Methvl-1.3.4.5.7.8-hexahvdro-pvrano M. j-fe;pyridiii-2-nTie 

25 l-Benzylr4-methyl-l,3.4,5.7,8-hexahydn>-pyrano/'^,3- 

Z>7pyridin-2-one (8(X) mg, 3.2 mmol) was debenzylated according to the 
the method of example 121 , step D to recover 190 mg of product. 

iH NMR (400 MHz, CDCI3) 6 1.02 (d,3H, J=6 Hz); 2.14 (m, 2H); 2.27- 
30 2.35(m, 2H); 2.61 (dd,lH, J=12 Hz, J=6 Hz); 3.81(t, 2H, J=9 Hz); 4.10 
(q, 2H, J=14 hZ). 

Step C: 4-Methv]-octahvdro-ci s-pvraiioA4. ?-feypvridin-2-one 
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4-Methyl- 1 ,3,4,5,7,8-hexahydro-pyrano[4,3-b]pyridin-2-one 
(210 mg, 1.25 mmol) was hydrogenated using 5% ifaodium on alumina as 
prevously described in example 121 step C for l-benzyl-3-methyl- 
octahydro-cis-pyrano[4,3-b]pyridin-2-one. Recovered 61 mg of product. 
5 The NMR indicated approximately a 9/1 ratio of the ^/a 4-methyl 
product 

iH NMR (400 MHz, CDCI3) 6 0.99 (d,3H, J=6 Hz); 1.53 (d, IH. J=18 
Hz); 1.95-2-1 (m, 4H); 2.34 (dd,lH, J=18 Hz, J=6 Hz); 3.44 (t, IH. J=12 
10 Hz); 3.53 (t, IH. J=12 Hz); 3.7-3.78 (m. 2H); 3.80 (dd. IH, J=12 Hz. 
J=5 Hz); 6.35 (bs, IH). 

Step D: 2-Methoxv-4-methvl-hexahvdro-cis. transr4H>pvranor4.3- 
blpvridine 

15 

4-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (60 
mg. 0.35 nmioL) was converted to the above compound as previously 
described in step E of example 1 16 for 2-methoxy-hexahydro-quinolin- 
7(8H)-one-7-ethyleneketal. A mixture of cis and trans ring junction 
20 derivatives was isolated. (20 mg). 

iH NMR (400 MHz. CDOs) 5 0.95 (d, 3H. J=7 Hz); 1.01 (d, 3H, J=7 
Hz); 1 .36 (d.3H, J=7 Hz); 3.69 (s. 3H); 3.74 (s, 3H). 

25 Step E: 2-Imino-4-methvl-octahvdro-pvranoA4.5-/> /pyridine 
hydrochloride 

2-Methoxy-a.p-4-methyl-hexahydro-cis,trans(4H)pyrano- [4.3- 
bjpyridine (20mg) was converted to the above compound as prevously 
30 described in example 1 16,step F. 

iH NMR (400 MHz. CD3OD) 6 1.09(d, 3H. J=r7 Hz); 1.03 (d,3H. J=7 
Hz). 
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Mass Spectrum m/e = 168.(M-i-l) 



KX AMPLE 123 

5 

CHa 

NH HOAc 
H 

2-Imino-4-Methvl-l .3.4.S.7.8-hexahvdro-pvrano/^.5-fc /pyridine, acetic 

10 

Step A: 2-Methoxv-4-methvl-3.5.7.8-tetrahvdro-4H-pvranor4.3- 
bipvridine 

4-Metfiyl- 1 ,3,4,5,7,8-hexahydio-pyrano[4,3-b]pyridin-2-one 
15 (42 mg, 0.25 mmoL), obtained in step A examplel22, was conveited to 
the above compound as previously described in example 116 step £. 

iH NMR 400 MHzCCDas) 6 0.92 (d,3H, J=7 Hz); 2.1-2.15 (m. 2H); 
2.2-2.6(m, 3H); 3.30 (d,lH. J=12 Hz); 3.80(s, 3H); 4.05-4.2(q. 2H. J=16 
20 hZ). 

Step B: 2-Imino-4-Methvl-1.3.4.S.7.8-hexahvdro-pvranoM.5-fe7pvridine. 
acetic acid salt 

25 2-Methoxy-4-methyl-3^,7,8-tetrahydro-4H-pyrano[4,3- 
bjpyridine (16 mg, 0.1 mmoL) was converted to die above compound as 
prevously described in example 116 step F. 

iH NMR (400 MHz, CD3OD) 5 1.044(d, 3H, J=7Hz); 1.93 (s, 3H, 
30 acetate protons); 2.2-2.3 (m, 2H); 2.4-2.47 (m. IH); 2.56 (dd, IH. J=12 
Hz, J=6 Hz); 3.94 (dd,lH. L=16 Hz. J=5 Hz); 3.33(dd, IH, J=9 Hz. 
J=2Hz); 3.84 (t IH. J=5 Hz); 4.1-4.23(m. IH). 
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Mass Spectrum m/e s=167.(M+l) 



EXAMPLE 124 



a. 



'N'^NH HCI 
CHa 

2-Iimno-l-m ethvl-piperidine hydrochloride 

This compound was prepared according to the procedure 
described by Rama Rao et al.in Syn. Comm.: 18, 877-880 (1988). 



iH NMR (400 MHz, CD3OD): 6 1.89 (m, 4H); 2.62 (t, 2H); 3.14 (s, 3H); 
15 3.53 (t. 2H). 

Mass spectrum m/e = 1 14 (M-i-1) 



20 EXAMPLE 125 

a 



o 



TO 



N-( 1 -Benzvl-2-piperidinvlideneVN*-(phenvn-urea 

Step A: 2-Imino- 1 -benzvl-piperidine tetr afluoroborate 

To a solution N-benzyl-valerolactam (1.3 g, 6.87 
mmol) in methylene chloride (25 mL) was added tiimethyloxonium 
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tetrafluoroborate (1.12 g, 7.57 mmol). The reaction mixture was stirred 
overnight at room temperature under a nitrogen atmosphere. Dry 
ammonia gas was then bubbled through the reaction mixture for one 
hour, and the mixture was allowed to stand for an additional hour at room 
5 temperature. The mixture was evaporated under diminished pressure and 
dried in vacuo. The crude product was used without further purification 
in Step B. 



Step 3: N-f 1 -Ben?:vl-2-piperidinvlideneVN'-r phenyl Vurea 

10 

The fluoboric acid salt from Step A was treated with 
several mL's of 50% sodium hydroxide, and the free 2-imino-l-benzyl- 
piperidine was extracted with benzene. The benzene layer was decanted, 
dried (K2CO3), and evaporated to give an oil. 300 mg of the resulting oil 

15 was dissolved in methylene chloride (2.5 mL) and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (204 ^L. 1.36 mmol) and phenyl 
isocyanate (148 ^LL, 1.36 mmol). The reaction mixture was stirred 
overnight at room temperature, diluted with methylene chloride, washed 
with 2 H hydrochloric acid, saturated sodium hydrogencarbonate 

20 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was crystallized from ethyl acetate; yield 150 mg. 

iH NMR (400 MHz. CDCI3): 5 1.76 (m, 4H); 3.04 (t, 2H); 3.25 (t, 2H); 
4.78 (s. 2H); 6.93-7.34 (m, lOH). 

25 

Mass spectrum m/e = 308 (M +1). 



EXAMPLE 126 

30 
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N-r2-PiDeridinvlideneVN'-rphenvlVurea 

N-(l-Beiizyl-2-piperidinylidene)-N'-(phenyl)-urea (70 
5 mg, 0.228 mmol, from Example 125) in glacial acetic acid (2 mL) was 
hydrogenolyzed in the presence of 10% Pd/C (30 mg) for 8 h. The 
catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 ^m). The filtrate was evaporated and coevaporated several 
times with toluene. The product was purified by flash silica gel 
10 chromatography eluting with 1-5% methanol/CH2Cl2; yield 15 mg. 

iH NMR (400 MHz, CD3OD): 5 1.85 (m, 4H); 2.59 (br m, 2H); 3.50 (br 
m, 2H); 7.05 (t. IH); 7.28 (t. 2H); 7.50 (d, 2H). 

15 Mass spectrum m/e = 2 1 8 (M +1). 



EXAMPT.E 127 



20 




N-ri-(4-Metb0XVbcnzvn-2-piperidinvlidgne1-N'- (phenvn-urea 
Step A: 2-Imino-l-r4-methoyvbenzvn-pi peridine tetrafluoroborate 

25 

This compound was prepared in a similar manner as in Step 
A of Example 126. The crade product was used without further 
purification in Step B. 

30 Step B: N-ri-r4-Methoxvben7v1V2-pipftridinvlidenp,1-M' -rDhenvn-iima 
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The fluoboric acid salt from Step A was treated with several 
mL's of 50% sodium hydroxide, and the free 2-imino-l-(4- 
methoxybeiizyl)-piperidine was extracted with benzene. The benzene 
layer was decanted, dried (K2CO3), and evaporated to give an oil. 300 
5 mg of the resulting oil was dissolved in methylene chloride (2 mL) and 
treated with l,8-diazabicyclo[5.4.0]undec-7-ene (204 \iL, 1.36 mmol) 
and phenyl isocyanate (148 ^iL, 1.36 mmol). The reaction mixture was 
stirred for 2 hours at room temperature, diluted with methylene chloride, 
washed with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 
10 solution, saturated brine solution, dried (Na2S04). and evaporated. The 
product was purified by flash silica gel chromatography eluting with 30% 
ethyl acetate in hexane; yield 127 mg. 

iH NMR (400 MHz, CDCI3): 5 1.73 (m, 4H); 3.03 (t, 2H); 3.22 (t, 2H); 
15 3.79 (s, 3H) 4.70 (s, 2H); 6.83-7.27 (m, 9H). 

Mass spectrum m/e = 338 (M +1). 



20 EXAMPLE 128 



25 



o' 



2-Imino- 1 -(benzvlaminocaibonvl'>- piperidine 



To a mixture of 2-imino-piperidine hydrochloride (250 mg, 
1.86 mmol) in acetonitriile (8 mL) cooled in an ice-bath were added 1,8- 
diazabicyclo[5.4,0Jundec-7-ene (277 nL, 1.85 mmol) and benzyl 
isocyanate (229 nL, L85 mmol). The reaction mixture was stirred 
30 overnight at room temperature and then evaporated. The product was 
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puiified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2a2- 

iH NMR (400 MHz, CD3OD): 5 1.78 (m, 4H) 2.37 (m, 2H); 3.39 (m, 
5 2H); 4.34 (s, 2H); 7.18-7.31 (m. 5H). 

Mass spectnim m/e =s 232 (M + 1). 



10 EXAMPLE 129 



15 



NH HCI 



Cf5-Octahvdro-3-imino-2H-l .4-hen7.o xazine hydrochloride: 
Step A: Cis-hexahvdro-1.4-ben2oxazi n-3r4HVone: 



A mixture of 2H-l,4-benzoxazin-3(4H)-one (Ig) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
20 on Parr shaker at room temperature and 50 psi for 2 days. The catatlyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as white solid after purification on silica gel using 
2% methanol in ethyl acetate as solvent 

25 Step B: Cis-Octahvdro-3-imino-2H-1 4-h enzQxazine hvdrpchloride 

The title compouhd was prepared according to the method 
described in Examples 2 and 3. 

30 iH NMR (D6-DMSO): 4.52(m^H); 3.88(m,lH); 1.16-1.8(m.8H) 



EXAMPLE 130 
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^fj^NH HCI 
2>TminQpiperazine hydrochloride 

5 

Step A: 2-Ketopiperazine 

A solution of 10.2 g (81 mmol) of ethyl chloroacetate in 50 
mL of ethanol was added dropwise over 1 hr to a solution of 30 g (0.5 M) 

10 of ethylene diamine in 125 mL of ethanol at room temperature. The 

mixture was stirred 3 hrs and 4.4 g (81 nmiol) of sodium methoxide was 
added and the mixture was stirred additional 4 hours. The resulting 
voluminous white precipitate was filtered and the filtrate was 
concentrated to give oUy residue which was heated at 200 (bath 

15 temperature) for 5 mins with a wide distillation head. A solid deposited 
in the distillation head during the distillation. After 1.5 hrs of distillation, 
distillation head was washed with methanol to remove the desired 
product. Methanol washes were concentrated to give a cmde product 
which was purified on silica gel using 5:2 mixture of 

20 chloroformrmethanol as solvent to provide 2.3 g of the desired product as 
yellow solid. 

iH NMR (DMSO): 2.74(m,2H); 3.1(m,2H); 3.13(s,2H); 7.58(baH) 

25 Step B: 4-t-Butoxvcarbonvl-2-ketopiDeraziTie 

A mixture of 500 mg (5 mmol) of 2-ketopiperazine, 1.2 g 
(5.5 nmiol) of t-butyldicarbonate and 2 g of sodium chloride in 7.5 mL of 
water and 10 mL of chloroform was heated to reflux 4 hrs. The reaction 
30 mixture was cooled to room temperature and extracted with ethyl acetate. 
The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate . Solvent removal gave a crude product which was 
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puiified on silica gel using 5% methanol in ethyl acetate as solvent to 
give 925 mg of the desired carbamate lactam as white solid. 

iH NMR (0X33): 1.46(s.9H); 3.37(m^H); 3.62(m^H); 4.08(s^H) 

5 

Step C: 4-t-Butoxvcarfaonvl-2-imino piperazine hvdrochloridc 

The title compouind was prepared according to the 
procedure described in Examples 2 and 3. 

10 

1h NMR (DMSO): 1.42(s,9H); 3.35(m.2H); 3.52(m,2H); 4.32(s,2H); 
8.75(b.lH); 9.04(b.lH); 10.05(b.lH). 

Step D: 2-Imino piperazine hydrochloride 

15 

Hydrogen chloride gas was bubbled through 6 mL of ethyl 
acetate at 0 for 3 mins. Solid 4-t-butoxycarbonyl-2-imino piperazine 
hydrochloride (36 mg) was added and the mixture was stirred overnight 
at room temperature.. Solvent and hydrochloric acid gas were evapK>rated 
20 in vacuo to give 24 mg of the desired imino piperazine hydrochloride as 
white solid. 

iH NMR (DMSO): 3.35(3H); 3.54(m,2H); 4.12(s.2H); 8.98(b.lH); 
9.3(b4H); 10.16(b.lH) 

25 

EXAMPLE 131 

CH3 

^[j^NH HCI 

30 

4-Methvl-2-iminopiperazine hydrochloride 
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Step A: 4-Methvl-2-oxo-piperazine hydrochloride; 

4.4 g (100 mmol) of etfayleneimine was added to 7.8 g (66 
mmol) of saicosine ethyl ester with stuiing at 60 OQ. The mixture was 
5 then heated 1 day at the same temperature. Volatile materials were 
removed in vacuo and die residue was purified on silica gel using 
methanol/ethyl acetate gradient mixtures to give the title compound. 

iH NMR (CDa3): 3.35(2H); 3.06(2H); 2.58(2H); 2.32(3H) 

10 

The hydrochloride salt was prepared by adding ethereal 
hydrochloride solution to a solution of the above tertiary amine and 
stirring the mixture for 1 hour. The resulting solid was filtered and 
washed with ether and dried. 

15 

Step B: 4-Methvl-2-metfaoxv-3.4.5.6-tetra hvdro pvrazine 

A mixture of 1.505 g (lOmM) of 4-methyl-2-oxo-piperazine 
hydrochloride from step A and 3.0 g (20 mM) of trimethyloxonium 

20 tetrafluoroborate in 150 mL of chlorofonn was stirred for 4 days at room 
temperature under nitrogen. Excess saturated sodium bicarbonate was 
added and stirred 30 mins. The organic layer was separated and tiie 
aqueous layer was extracted with ethyl acetate. The combined organic 
layers were dried over anhydrous magnesium sulfate. After filtration the 

25 solvent was removed to give a mixture of the title compound and 4- 
methyl-piperazin-2-one as an oil. 

iH NMR (CDC13): 3.64(s,3H); 3.36 and 3.56(4:1 l)(m.2H); 3.08 and 2.9 
(4:ll)(s^H); 2.6 and 2.4 (4:ll)(m^H); 2.33 and 2.3(6: 16.5)(s,3H) 

30 

Step C: 4-MethvT-2-iminopippra; eine hvdrnchloride and 4-Methvl-2-oyo- 
Pioerazine hvdmchlnri^y; 
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This compound was prepared from 4-methyl-2-methoxy- 
3,4,5,6-tetrahydn} pyrazine according to the procedure of example 3. 
This product was contained some 4-metfiyl-piperazin-2-one which was 
present in the starting material. 

iH NMR (CD30D): 2.92 and 2.43 (s.3H): 3.8 and 3.42(s^H); 2.75 and 
3.56(t, 2H); 3.45 and 3.8(t^) 



15 



25 



ax. 



10 EXAMPLE 132 

[J'^NH HCI 

2-Imino-decahvdro-gM-quinnTaTine Hihvrfrochloride 
Step A: Decahvdro-2flHVquinxalinnne 



To a solution of 2.28 g (20 mmol) of cis- 1^- 
diaminocyclohexane in 100 mL of water, 1.74 g (30 nunol) of glyoxal 
20 was added. After stirring for 4 h the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The lesidiial oil was absorbed on a 
flash column and the column was eluted with 50% EtOAc/hexane, 10% 
MeOH/EtOAc and 50% MeOH/EtOAc to isolate 1.19 g of the tide 
compound as an oil. 



Step B: 4-t-Butvloxvcarfaonvl-decahvdro-2f IHVaiiinoxaliTinne 



A solution of 1.19 g (7.72 mmol) of decahydro-2(lH)- 
quinxalinone in 10 mL of saturated NaHC03 was treated with 2.2 g (10 
30 mmol) of di-tert-butyl dicarbonate. After stirring for 2 h the reaction 

mixture was extracted with EtOAc and the EtOAc layer was washed with 
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brine and dried. The filtrate was concentrated and the residue was 
purified on a flash column to isolate 0.667 g of tfie title compound. 

Step C: 4-t-Butvloxvcaibonvl-2-methoxv-3.4.5.6.7.R.5 a.8.a-octahvdm- 

5 quinox^inong, 

To a solution of 0.254 g (1 nunol) of 4-t-butyloxycaibonyl- 
decahydro-2(lH)-quinoxalinone in 3 mL of CH2C12 was added 0.191 g 
(1.3 mmol) of trimethyloxonium tetrafluoroborate and the mixture was 
10 stirred overnight. The reaction mixture was partitioned between saturated 
NaHC03 and CH2C12. The organic layer was washed with water, brine 
dried and concentrated. The residue was chromatographed using 20% 
£t2C>-hexane as an eluent to isolate 0.124 g of the title compound. 

13 Step P: 4-t-Butoxv-2-imino-decahvdro-cis-Quinoxa1ine 

A solution of 0.123 g (0.45 nmiol) of 4-t-Butyloxycarbonyl- 
2-methoxy-3,4,5,6,7,8,5a,8,a-octahydro-quinoxalinone in 3 mL of EtOH 
containing 22 mg (0.41 mmol) of NH4C1 was heated to reflux. After 3 h 
20 at reflux the reaction mixture was concentrated, the residue was triturated 
with Et20 and the solid was fdtered and dried to isolate 0.055 mg of the 
title compound. 

Step E: 2-lmino-decahvdro-cis-q uinoxaline 

25 

To 46 mg of 4-t-butoxy-2-imino-decahydro-cis-quinoxaline 
3 mL of EtOAc saturated with HCl was added. The reaction turned clear 
momentarily and another solid was formed. After 30 min the solid was 
filtered washed with Et20 and dried to furnish 32 mg of the tide 
30 compound. 



iH NMR (D20): 1.50 (br s. 3H). 1.66 (br s, IH). 1.89 (br s. 4H), 3.92 
(m, IH), 4.0 (m, IH), 4.37 (s. 2H) 
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KXAVrPLE 133 
^^-^Jj^NH Ha 

5 

2-rmino-decahvdio-rrgw.v-quinoxalinedihvdrochloride 

The title compound was prepared by the procedure of 
example 132 starting with trans- 1^-diaminocyclohexane. 

10 

iH NMR (D20): 1.3-1.6 (m.4H). 1.8-1.9 (m. 2HX 2.16 (t, 2H), 3.3 (td. 
IH. J = 1 1 and 4 Hz). 3.55 (td, IH, J = 11 and 4 Hz), 4.41 (ABq, 2H) 



15 EXAMPLE 134 



CH3 



20 



CHa^Jj^NH HCI 



4-6-Dimetfavl-2-imino-piperazine hydrochloride 
Step A: 4.6-Dimethvl-2-keto-pipera2ine 



A solution of 0.8 mL (10.2 mmol) 2-methylaziridine (90%), 
0.998 g ( 1 1 .2 1 mmol) of sarcosine and 30 mg of NH4CI in 4 mL of water 
25 was heated to 100 ^ in a sealed tube for 2 h. The mixture was allowed 
to stand overnight, then concentrated in vacuo. The residue was purified 
by chromatography using 30% MeOH-EtOAc to yield 0.637 g (49%) of 
the desired product. 
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iH NMR (CDC13): 1.13 (d, 3H). 2.03 (m, IH), 2.28 (s. 3HX 2.77 (m, 
2H). 3.23 (d, IH), 3.62 (br s, IH). 6.8 (br s, IH). 

Step B: 4.6-Diinethvl-piperazin-2-tfaione 

5 

To a solution of 1.011 g (5.09 mmol) of 4,6-dimethyl-2- 
keto-pipeiazine in 25 mL of dioxane, 4.704 g (56 mmol) of NaHCOs and 
1.56 g (3.56 mmol) of phospbonis pentasulfide were added and the 
mixture was heated in a 70 oC bath. After 6 h the reaction was cooled, 
10 quenched by adding water (gas evolution) and stirred overnight. The 
solution was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and concentrated. The residue was chromatographed using a 
gradient of 0-10% MeOH/EtOAc to isolate 91 mg of the desired product. 

15 Step C: 4-6-Dimethv1-2-imino-pi pera2ine hvdrochloride 

Anunonia gas passed through a THF (5 mL) solution of 72 
mg (0.499 nmiol) of 4,6-dimethyl-piperazin-2-thione kept in a 50 oC bath 
for 5 min. To this solution 149 mg (0.55 mmol) of HgCl2 was added and 
20 the reaction was heated to 50 OC for 15 min after it turned black. The 
solution was filtered through a pad of celite and the pad was rinsed with 
MeOH. The combined filtrate was concentrated and the residue was 
purified on a flash column using MeCN followed by 70:2: 1 mixture of 
MeCN:H20:H0AC to isolate 30 mg of the title compound. 

25 

iH NMR (CD30D): 1.25 (d, 3H), 1.9 (s. 3H). 2.27 (dd. IH). 2.9 (dd, 
IH), 3.22 (d, IH). 3.45 (d, IH), 3.72 (m, IH). 

Mass spectrum m/e =127 

30 



EXAMPLE ns 



BNSDOCID: <WO 9614e44A1_L> 



wo 96/14844 



PCT/US9S/14812 



-185 



'"''^^[J'^NH Ha 

2-Imino-4-m ethvl-6-f2-methvlpropvlV5-oxo-pipei:azinehvciiX)chloridg 



5 Step A: N-t-Butvloxvcaifeonvlglvcinvlsarcosine ethvl ester 



To a solution of 0.629 g (3.59 mmol) of t- 
butoxycaibonyoxyglycine in 8 mL of CH2CI2 0.58 g (4.31 mmol) of 
hydroxybenztriazole,0.87 mL (7.9 mmol) of N-methylmoipholine and 

1 0 0.826 g (4.3 1 mmol) of EDAC were added. After 10 min 0.607 g (3.95 
Domol) of sarcosine ethyl ester hydrochloride was added and die mixture 
was stirred overnight. The reaction was poured into water and extracted 
with CH2CI2. The organic layer was washed with brine, dried and the 
filtrate was concentrated. The residue was purified on a flash column 

15 eluting with 50% EtOAc-hexane to obtain 0.985 (96%) of N-t- 
butyloxycarbonylglycinylsarcosine ethyl ester. 



Step B: l-Methvl-2.5-diketopipera2ine 



20 A solution of 0.942 g (3.43 mmol) of N-t- 

butyloxycarfoonylglycinylsarcosine ethyl ester in 10 mL of EtOAc was 
saturated with HCH gas. After stirring for 1 h the solution was 
concentrated in vacuo to leave a white solid. The solid was dissolved in 
10 mL of EtOH, 0.474 g (3.43 mmol) of powdered K2CO3 was added 

25 and the mixture was heated in a 60 <>C bath overnight The solid was 

filtered and rinsed widi EtOH and die combined filtrate was concentrated 
to leave a solid. The solid was washed with ether and dried to furnish 
0.499 g of the title compound. 

30 iH NMR (CDC13): 2.98 (s, 3H). 3.97 (s. 2H). 4.02 (s, 2H), 6.23 (br s, 
IH). 
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SteP C: 2-Metfaoxv-4-methvl-3.4-dihvdr o-5r6HVpvra2inone. 

Treatment of l-methyl-2,5-diketopiperazme with 
trimethyloxonium tetrafluoioborate as described in example 132 step C 
5 gave the title compound. 

Step P; 2-Methoxv-4-methvl-6-f2-methvlprop vn-3.4-dihvdro-Sr6H^- 
Dvrazinone. 

10 To a solution of 0. 1 7 1 g (1 .2 mmol) of 2-methoxy-4-methyl- 

3,4-dihydro-5(6H)-pyra2inone in 6 mL of THF cooled in a -78 oC bath, 
0.72 mL (2M in THF, 1.44 mmol) of LDA was added. After 10 min 0.17 
mL (1.56 mmol) of l-bromo-2-methylpropane was added and the 
solution was allowed to warm to room tempierature over the next 2 h. 

15 After stirring for 0.5 h the reaction was quenched by adding water and the 
mixture was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and the filtrate was concentrated. The residue was purified 
on a flash column using a gradient of 30-50% EtOAc-hexane to isolate 
0.1 g (42%) of the title compound. 

20 

IH NMR (CDC13): 0.91 (d. 3H), 0.94 (d. 3H), 1.4-1.9 (m, 3H). 2.93 (s. 
3H). 3.69 (s. 3H). 3.81 and 3.94 (ABq, 2H). 4.09 (m. IH). 

StepE: 2-Imino^methvl-6-r2-mftthvlpmpvn-S -oxo-piperaTinP 

25 

A solution of 0.1 g of 2-methoxy-4-methyl-6-(2- 
methylpropyl)-3,4-dihydro-5(6H)-pyrazinone in 1 mL of EtOH was 
reacted with NH4a as described in example 132 step D to fiimish the 
tide compound. 

30 

IH NMR (CD30D): 0.96 (d, 6H), 1.6-1.9 (m, 3H). 3.0 (s, 3H), 4.11 (t, 
IH), 4.47 and 4.61 (AB q, 2H). 

Mass spectrum m/e =184 (M+1) 
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EX AMPLE 136 



5 




4-Bcnzvloxvcart)onvl-2-imino-ri.2.3.4^tetra hvdro-quinoxaline 
hydrochloride 

10 Step A: 3.4-Dihvdo-2n HVgninaTrnlnn^ 

To a solution of 1 .2 g (8.2 mmol) of 2-hydroxyqiimoxaline 
in 10 mL of EtOH, 220 mg of Pt02 was added and the solution was 
hydrogenated on a Parr apparatus overnight The catalyst was filtered 
15 and washed with EtOH and the filtrate was concentrated to yield 1 . 17 g 
(96%) of the tide compound sufficiendy pure for use without 
purification. 

iH NMR (CDC13): 3.97 (s, 2H). 6.6-6.9 (m, 4H). 8.1 (br s, IH). 

20 

Stgp B; 4-Bcn7;vloyvcarbonv1-3.4-dihvdrQ-2nm-9iiinaTninn^ 

A solution of 0.41 g (2.77 mmol) of 3,4-dihydo-2(lH)- 
quinaxolone in 5 mL of CH2C12 and 5 mL of saturated NaHCOa was 
25 treated with 0.44 mL (3.05 mmol) of benzylchloioformate. After stiiiing 
for 4 h, the reaction was diluted with CH2a2, washed with water, brine 
and dried. The filtrate was concentrated and the residue was 
chromatographed using 30% EtOAc-hexane to isolate 0.31 g of the 
desired product 



BNSOOCID: <WO 9S14844A1_L> 



I 



wo 96/14844 PCT/DS9S/148I2 



-188- 

iH NMR (CDQS): 4.44 and 4.58 (2s. 2H). 5.24 and 5.28 (2s. 2H). 6.8- 
7.4 (m. 9H). 

StepC: 4-Benzvloxvcarfaonvl-2-imino-(' 1 .2.3.4^tetrahvdro-quinoxaline 

5 hydrPclM9ri<lg 

The 4-benzyloxycaibonyl-3,4-dihydio-2( lH)-quinaxoIone 
obtained in step B was subjected to the reactions described in example 
134 steps B and C furnished the title compound. 



10 



15 



iH NMR (CD30D): 4.31 (s. 2H), 5.23 (s. 2H). 6.9-7.5 (m, 9H). 
Mass spectrum m/e = 282 (M+1) 

Example 137 
O^CHa 



NH HCI 



20 4-Acetvl-2-imino-n.2.3.4^tetrahvdro-quinoxaline hydrochloride 
Step A: 4-Acetvll-3.4-dihvdm-2nm-quinaxnlnne 

A solution of 0^12 g (1.43 mmol) of 3,4-dihydo-2(lH)- 
25 quinaxolone (example 136, step A) in 7 mL of CH2CI2 was treated with 
0.12 mL (1.72 mmol) of acetyl chloride and 0.26 mL (1.86 mmol) of 
Et3N. After 2 h another 0.04 mL of acetyl chloride was added to 
complete the reaction and the solution was partitioned between water and 
CH2C12. The CH2a2 layer was washed with brine, dried and 
30 concentrated. The residue was purified by chromatogr^hy. 
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Step B: 4-Acetvl-2-imino-f 1.2.3.4^ tetrahvdro-quinoxalme 

Treatement of 4-acetyll-1^3.4-tetrahydro-2-quinaxolone by 
the method of example 134 steps B and C furnished the title compound. 

iH NMR (05300): 2.24 (s. 3H). 4.5 (s. 2H). 7.0-7.5 (m, 4H). 

Mass spectrum m/e = 189 (M+1) 

EXAMPLE 138 
CH3 



-NH HCI 



15 2-Imino-4-methvl-decahvdro-grfly«-quinoxaline. acetic acid salt 

Step A: 4-metfavl-octahvdro-trans-2flH>-quinoxalone 

To 0.537 g of 4-t-butyloxycaibonyl-octahydro-trans-2(lH)- 
20 quinoxalone (Example 133), 10 mL of EtOAc saturated with HQ gas was 
added. After stirring for 2 h the solvent was removed in vacuo to give 
0.483 g of a brown solid. 

To a solution of 0.147 g (0.77 nunol) of this solid in 5 mL of 
25 MeOH and 1 mL of formaldehyde (37% aq. solution) was added 50 mg 
of 10 % Pd/C and the mixture was hydrogenated under 41 psi for 3 h. 
The catalyst was filtered diroiigh a pad of celite and the pad wa^ed with 
MeOH and the filtrate was concentrated to yield 0.325 g of die title 
compound. 



Step B: 2-Imino-4-methvl-decahvdro-trans-quinoxaline. acetic acid salt 
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The product of step A was reacted as described in example 
134 steps B and C to isolate the title compound 



iH NMR (CD30D): 1.2-2.2 (m, 9H). 1.92 (s, 3H). 2.31 (s, 3H). 3.18 (m, 
5 IH), 3.31 (d, IH), 3.70 (d, IH). 

Mass spectrum m/e - 168 (M+1) 



10 EXAMPLE 139 

[j'^NH HCI 



15 



3-IminothiomorphoTine hvdmchlnrjHy. , 
Step A: Thiomorphn1in-3-oTiy 



To 6.5 g (0.15 mol) of ethyleneimine was added to 12 g (0. 1 
mol) of ethyl thiol acetate with stirring at 60 ©C. After the addition, the 
20 mixture was heated for 2.5 h at the same temperature. It was then 

allowed to cool to room temperature and then allowed to stand 1 day at 
room temperature. Robust white crystals formed. The liquid was 
decanted and die solid was washed with ice cold ethyl alcohol to afford 
6.2 g of the desired thiomorpholinone. 

25 

iH NMR (CDC13): 2.8(m.2H); 3.28(s,2H); 3.62(m.2H); 6.62(b,lH) 
Step B: ThinTnnTpholin-3-thinnft 

30 A mixture of 1.17 g (10 mmol) of thiomorpholin-3-one and 

1 1 mmoles of Lawesson's reagent in 25 mL of toluene was heated to 
reflux 2 hrs. The reaction mixture was cooled and the solvent was 
removed to give a residue. Tliis was taken up in methylene chloride and 
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applied on silica gel column and eluted with ediyl acetate containing 
methylene chloride (10%). The desired thiomorpholin-3-thione in 65% 
yield as solid. 

5 1h NMR (CDQs): 2.90(m^H); 3.62(m,2H); 3.76(s.2H); 8.65(b4H) 



Step C: 3-lmino thiomorpholine hydrochloride 

The title amidine was prepared from thiomoipholin-3-thione 
10 according to the procedure of example 43 step F. 

iH NMR (DMSO): 2.92(m,2H); 3.52(m^H); 3.62(s,2H); 8.85(b.lH); 
9.28(baH); 9.9(b,lH) 

15 

EXAMPLE 140 

C^l 

^^•'^N^NH HCI 



20 3-Imino-5-Dropvl-thionnorpholine 

Step A: 2-Butoxvcarbonvla niino-l-pentanol 

To a solution of 1.1 mL (9.8 mmol) of 2-amino-l-pentanol 
25 in 1 0 mL of MeCN was added 2. 1 8 g (10 nmiol) of di-t-butyl dicaifoonate 
followed by a solution of 1.06 g (10 mmol) of Na2C03 in 10 mL of 
water. After stirring for 4 h the reaction mixture was partitioned between 
Et20:EtOAc (1:1) and water. The organic layer was washed with water, 
brine and dried. The filtrate was concentrated to furnish 2.8 g of a liquid 
30 which was used in the next step without purification. 
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iH NMR (CDC13): 0.91 (t, 3H). 1.3-1.9 (m. 1 IH). 2.31 (t, 2H), 2.4 (br 
s, IH). 3.0 (s, 3H), 3.8 (br. IH), 4.15 (dd. IH, J=10 and 4 Hz), 4.22 (m. 
IH). 4.57 (br. IH). 

5 StepB: Etiivl ff2-hutnxvcaTfaonvlaminopent vnthio^acetate 

A solution of 0.7 g of 2-butoxycaibonylaniino-l-pentanoI 
prepared in step A in 5 mL of CH2a2 was treated with 0.23 mL (3 
mmol) of methanesulfonyl chloride. The mixture was cooled in ice bath 

10 and 0.42 mL (3 mmol) of EtsN was added and the solution was allowed 
to warm to room temperature. After 1 h another 0.05 mL (0.65 mmol) of 
methanesulfonyl chloride and 0.1 mL (0.71 mmol) of EtsN were added 
and stirred for 15 min. the reaction mixture was diluted with CH2CI2 and 
washed with saturated NaHCOa solution, water, 1.2 N HCl and brine. 

15 The organic layer was dried and concentrated to yield 0.94 g of the 
mesylate as a white solid. 

iH NMR (CDa3): 0.91 (t. 3H), 1.2-1.9 (m. 1 IH). 2.32 (t. 2H), 3.51 (m, 
IH), 3.63 (m, 2H), 4.57 (br s, IH). 

20 

To a solution of the mesylate in 5 mL of EtOH 0.3 mL (2.7 
mmol) of ethyl 2-mercaptoacetate and 0.42 g (3 mmol) of powdered 
K2CO3 were added. The mixture was heated in a 50 oC bath for 2 h, then 
diluted with water and extraced with EtOAc. The EtOAc layer was 
25 washed with water, biine. dried and concentrated. The residue was 

chromatographed on a flash column using a gradient of 20-50% EtOAc- 
Hexane to isolate 0.48 g (63%) of the title compound. 

IH NMR (CDCn3): 0.90 (t, 3H), 1.2-2.3 (m, 16H), 2.72 (m. 2H). 3^3 
30 (ABq, 2H), 3:75 (br, IH). 4.19 (q.2H).4.57 (br s, IH). 

Step C: 5-Proi>vl-thiomnrphnTjp-'^-^ny 
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Ice cold EtOAc (S mL) was saturated with HCl gas and this 
solution was added to 0.48 g (1.57 mmol) of ethyl ((2- 
butoxycaibonylaminopentyl)thio)acetate. After stizring for 1 h the 
solution was concentrated to give 0.42 g of amine hydrochloride as an oil. 
5 The oil was dissolved in 3 mL of EtOH and 0.207 g (1 .5 nmiol) of 

powdered K2CO3 was added. After heating the mixture in a 80 <>C bath 
for 2.5 h the reaction was cooled and partitioned between water and 
EtOAc. Hie organic layer was washed with water, brine, dried and 
concentrated. The residue was purified by flash chromatogr^hy using 
10 30-100% EtOAc-hexane to yield 0.15 g (60%) of the title compound as a 
white solid. 

iH NMR (CDa3): 0.94 (t, 3H), 1.36 (m. 2H), 1.57 (m. 2H), 2.53 (dd, 
IH, J=13 and 9 Hz), 2.78 (dd, IH. J=13 and 4 Hz), 3.26 (ABq, 2H), 3.63 
15 (m, IH). 5.8 (br s, IH). 

Step D: 5-Propvl-thiomorpholin-3-thione 

A solution of 0.15 g (0.94 mmol) of 5-propyl-thiomorpholin- 
20 3-one in 3 mL of toluene was treated with 0.44 g (1.1 mmol) of 

Lawesson's reagent and the reaction was heated to reflux. After 1 h die 
solution was cooled to room temperature, diluted widi 2 mL of hexane 
and allowed to stand overnight The solid formed was removed by 
filtoing through a 0.5 u filter and the filtrate was concentrated. The 
25 residue was chromatographed using 10-30% EtOAc/hexane to obtain 
0.131 g (80%) of the tide compound. 

iR NMR (CDa3): 0.95 (t, 3H). 1.41 (m, 2H), 1.64 (m, 2H), 2.60 (dd, 
IH, J=13 and 9 Hz), 2.89 (dd, IH. J=13 and 4 Hz), 3.57 (m, IH), 3.74 
30 (ABq, 2H. J=17Hz), 8.3 (br s, IH). 

Step F: 3-Imino-5-propvl-thiomorphQline 
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A solution of 0. 1 3 1 g (0.75 mmol) of 5-propyl- 
thiomorpholin*3-thione in 3 mL of CH2CI2 was stiired with 4 A 
molecular sieves. After 10 min 0.125 g (0.85 mmol) of 
trimethyloxonium tetrafluoioborate was added, and die mixture was 
stirred for 2S h. The reaction was quenched by adding saturated 
NaHC03 solution then extraced with CH2CI2. The organic layer was 
washed with brine, dried and concentrated to give 0.1 15 g of a brown oil. 

IH NMR (CDa3): 0.94 (t, 3H), 1.4 - 1.8 (m. 4H). 2.29 (s, 3H), 2.3 (m. 
IH). 2.73 (dd, IH. J=13 and 4 Hz), 3.12 (ABq. 2H). 3.43 (m, IH). 

The brown oil in 1 mL of EtOH was trated with 30 mg (0.56 
mmol) of NH4C1 and the mixture was heated to reflux. After 1 h the 
solution was concentrated and die residue was chromatographed on a 
flash column using a gradient of MeCN. MeCN/HOAc - 95:5, 
MeC:N/H20/H0Ac - 90:5:5 and finaUy MeCN/H20/H0Ac - 85:10:5 to 
isolate 37 mg (23%) of the tide compound as an acetic acid salt. 

iH NMR (CDC13): 0.94 (t, 3H), 1.3 - 1.8 (m, 4H), 2.05 (s. 3H). 2.63 
(dd, IH. J=13 and 9 Hz), 2.92 (dd, IH, J=13 and 4 Hz), 3.65 (m, 3H), 8.2 
(br s, IH). 

Mass spectrum m/e = 159 (M+1) 

The compounds of Examples 141-145 were prepared by the mediod of 
example 101 starting from the appropriate aminoalcohol. 



EXAMPLF 141 



3-Iniino-5-methvl-thinTTn^^^r^^lT^f 
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iH NMR (CD30D): 1.38 (d. 3H). 2.71 (dd, IH, J=13 and 9 Hz). 3.07 
(dd, IH, J=13 and 4 Hz). 3.60 (ABq, 2H. J=16 Hz). 3.82 (m, IH). 



EXAMPLE 142 

C2H5'^[j^NH HCI 

10 3-Imino-5-ethvl-thiomoipholine 

iH NMR (CD30D): 1.03 (t. 3H). 1.75 (m. 2H), 2.75 (dd, IH. J=13 and 
9 Hz), 3.1 (dd, IH, J=13 and 4 Hz), 3.6 (m, 3H). 

15 

EXAMPLF 14^ 




20 3-Imino-5-butvl-thionioTpholine 

iH NMR (0X33): 0.95 (t, 3H). 1.3 - 1.8 (m, 6H). 2.75 (dd, IH, J=13 
and 9 Hz), 3.1 (dd, IH. J=13 and 4 Hz), 3.60 (m. 3H). 

25 Mass spectrum m/e = 173 (M+1) 



EXAMPLE 144 
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3-Imino-5fSVf2-inethvl propvlVthiomorphoHne 

5 IH NMR (CDaS): 0.97 (d, 6H). 1.6 (m, 2H), 1.77 (m, IH), 2.72 (dd, 
IH, J=13 and 9 Hz), 3.1 (dd, IH. J=13 and 4 Hz), 3.52 (d, IH, J=16 Hz). 
3.68 (d, IH, J=16 Hz). 3.75 (m, IH). 

Mass spectrum m/e =173 (M+1) 

10 



3-Imin^.'^rRVf7-inetfavlpropvlVthiomomhnlinP. 

iH NMR (CDC13): 0.97 (d, 6H), 1.6 (m, 2H), 1.77 (m, IH), 2.72 (dd. 
IH. J=13 and 9 Hz). 3.1 (dd. IH. J=13 and 4 Hz). 3.52 (d, IH, J=16 Hz). 
20 3.68 (d, IH, J=16 Hz), 3.75 (m, IH). 



EXAMPT.F IAS 



NH HCI 



Mass spectrum m/e = 173 (M+1) 



EXAMPT.F 14ft 




{j'^NH HCI 
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1 -rf^rf.Rmoxvcaifeonvn-hexahvdri>-3-iinino-(l/y>-l .4-dia2eDine 
hydrochloride. 

5 Step A; 4-rrgrr-Butoxvcart >Qnvn-hexahvdro-f2gV1.4-diazepin-2-one. 

Hexahydro-(2fO-l«4-diazepm-2K>ne (300 mg, 2.63 mmol). 
obtained by the procedure of B. Kotelko, R. Glinka, R. Guiyn, and J. 
StrumiUo (Aaa Pol. Pharm., 1984. H, 651-7; QA lQ!4:50859y), was 

10 dissolved in chloroform (5.3 mL). Di-rerf-butyl dicarbonate (0.63 g, 2.9 
mmol) was added along with additional chloroform (3 x 0.15 mL) to aid 
in the transfer. The solution was stirred for 0.5 h at room temperature 
followed by 3 h at reflux. The solution was then diluted with ethyl 
acetate (20 mL) and washed with saturated aqueous sodium bicarbonate 

15 (5 mL). The aqueous layer was extracted with ethyl acetate (10 mL) The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated to give 549 mg (97%) of 4-(fcrf-butoxycarbonyl)-hexahydro- 
(2^-l,4-dia2epin-2-one as white crystals. 

20 IH NMR (400 MHz. CD3OD): 6 4.08-4.02 (m, 2H), 3.58 (bt, 2H, J = 5 
Hz), 3.29-3.26 (m, 2H), 1.81 0>road quintet, 2H, J = 5 Hz), 1.45 (s, 9H). 

Mass spectnmi (FAB) m/e = 215 (M+1). 

25 StepB; l-(rgrf-ButoxvcarbonvlV2.5.6.7-tetrahvdro-3-methoxv-flfn- 

1.4-diazepine. 

By analogy to the procedure of Example 2, 4-(tert- 
butoxycarbonyl)-hexahydro-(2/0-1.4-diazepin-2-one gave l-itert- 
30 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-(lH)-l,4-diazepine as a 
colorless oil in 94% yield. 

IH NMR (400 MHz, CD3OD): 5 4.16-4.10 (m, 2H), 3.59 (bs, 3H). 3.56 
(bt, 2H, J = 6 Hz). 3.53-3.48 (m, 2H), 1.87-1.77 (m, 2H), 1.44 (s. 9H). 
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Mass spectrum (FAB) m/e = 229 (M+1). 

SlSE-Ci 1 -(rgrr-Butox vcarbonvl Vhexahvdm-^-imi no-r ^m~^ 

5 diazepine hvdrochlnriHft 

By analogy to the procedure of Example 3, l-(/erT- 
butoxycarbonyl)-2,5 .6,7-tetrahydro-3-methoxy-(l«>l ,4-diazepine gave 
l-(rei^-butoxycaibonyI)-hexahydro-3-imino-(l«)-1.4-diazepme 
0 hydrochloride in quantitative yield as white crystals. 

m NMR (400 MHz, CD3OD): 5 4.36 (bs, 2H). 3.69-3.62 (m, 2H), 3.60- 
3.55 (m. 2H). 1.84-1.76 (m, 2H), 1.47 (s. 9H). 



20 Hg?tqhy<jyy-2-xmino-(l m-1 .4-diarftpinp f iihvdrnchlnr^^ i^ 

By analogy to the procedure of Example 130 (Step D) 1- 
(terf-butoxycarbonyl)-hexahydro.3-imino-(l/0-l,4.dia2epine 
hydrochloride salt gave hexahydro-2-imino-(li?)-l,4-diazepine 
25 dihydrochloride as a fine white solid in quantitative yield. 

IH NMR (400 MHz. CD3OD): 5 4.38 (s, 2H), 3.72-3.68 (m. 2H). 3.52 
(t, 2H, J = 5.5 Hz), 2.08 (quintet, 2H, J = 5.5 Hz). 

30 Mass spectrum (FAB) m/e = 1 14 (M-2HC1+1). 



EXAMPTF 147 




fj'^NH 2Ha 
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CTAMPLE 148 



Q. 



•a. 

[J^NH 2Ha 

5 Hexahvdro-2-iniino-S-meth v1-n m-1 .4-diazepine dihvdrochloride. 

Step A; A^-(2-C vano-1 -methvlethvnglvcinc ethyl ester. 

Aqueous sodium hydroxide (2.5 A^, 13 mL, 32.5 minol) was 
1 0 added to a mixture of 4.54 g (32.5 mmol) of glycine ethyl ester 

hydrochloride in 6 mL of ethanol. The solution was cooled in an ice bath 
and 2.4 g (35.6 mmol) of crotonitrile was added in portions over 5 min. 
After 20 min, the ice bath was removed and the reaction was stirred 1.5 h 
at 25 OC foDowed by 3.5 h at 70 OC. The reaction was cooled to room 
1 5 temperature, 5 g of sodium chloride was added, and the mixture was 
extracted with 2 x 35 mL of ethyl acetate. The organic extracts were 
dried over sodium sulfate, decanted, and evaporated. The residue was 
dissolved in methanol, filtered through a 0.45 micron membrane, and 
evaporated to give 1.30 g (24% yield) of M<2-cyano-l- 
20 methyletfayl)glycine ediyl ester as a yellow oil. 

iH NMR (400 MHz, CDQs): 5 4.20 (q, 2 H. H=7 Hz). 3.47 (d. IH, J 
16 Hz), 3.41 (d, IH, J = 16 Hz), 3.05 (sextet, IH, J = 7 Hz), 2.49-2.38 (m, 
2H), 1.29 (t, 3H, J = 7 Hz), 1.27 (d, 3H, J = 7 Hz). 



Step B: Hexahvdro-5-methvl-f2/A-1 ■4-diazepin-2-one. 



A^(2-cyano-l-methylethyl)glycine ethyl ester (1.30 g, 7.64 
mmol) was dissolved in 4.5 mL of methanol. Raney nickel (70 mg) was 
30 added and the reaction vessel was pressurized with 1000 psi of hydrogen 
and heated to 50 oc for 6 h and to 100 for 4 h. The supernatant was 
decanted and filtered through a 0.45 micron membrane and the catalyst 
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was washed with 3 x 3 mL of methanol. The combined filtrate was 
evaporated and the residue was chromatographed on 60 g of silica gel 
eluting with 5-7% methanol in dichloromethane to give 0.33 g of 
colorless oil. Chromatography on 15 g of silica gel eluting with 20% 
5 methanol in ethyl acetate gave 2 1 7 mg (22% yield) of pure hexahydro-5- 
methyI-(2/0- 1 ,4-diazepin-2-one. 

iH NMR (400 MHz, CD3OD): 6 3.52 (d, IH. J = 15 Hz), 3.37 (d. IH. J 
= 15 Hz), 3.35 (IH, partially obscured by solvent), 3.23 (ddd, IH, J = 15 
10 6, 2 Hz), 2.89 (dqd, IH, J = 10, 6, 3 Hz). 1.82 (dddd, J = 14, 6, 3, 1 Hz) * 
1.39 (m, IH), 1.12 (d, 3H, J = 6 Hz). 

Mass spectrum (FAB) m/e = 129 (M+1). 

15 Stgp C: 4-(r^rf-Bvtoxvcarbonv1>-hexahvdm-5-T nethvl-r2WV1 4- 

diazepin-2-nnP 



Hexahydro-5-metfiyl-(2/0-l»4-diazepin-2-one (200 mg, 1.56 
mmol) was dissolved in 3.0 mL of chloroform and di-r^r/t-butyl 

20 dicarbonaie (0.37 g, 1.69 mmol) was added with 0.4 mL of chlorform. 
The solution was stirred at room temperature for 0.5 h and then at reflux 
for 4.5 hr. The solution was diluted wiA 20 mL of ethyl acetate and 
washed with 5 mL of saturated aqueous sodium bicarbonate and 5 mL of 
saturated aqueous sodium chloride. The aqueous layers were extracted in 

25 succession with 10 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evirated to give 360 mg 
(100% yield) of 4-(/eyT-butoxycarbonyl)-hexahydro-5-methyl-(2«)-l,4- 
diazepin-2-one as almost colorless crystals. 

30 IH NMR (400 MHz, CD3OD): 5 4.39-4.02 (m, 2H), 3.80 (bd, IH, J = 1 7 
Hz), 3.19 (dd, IH, J = 14, 7 Hz). 3.13-3.02 (m, IH), 2.13 (dt, IH, J = 15 
6 Hz), 1.80 (dtd, IH, J = 15, 10, 2 Hz). 1.46 (s, 9H), 1.16 (d, 3H, J = 6.5* 
Hz). 
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Mass spectrum (ESI) m/e = 229 (M+1). 

Step Dr l-fygrr-Butoxvcarbonvn-2.5.6.7-tetrahvdro-3-methoxv-7- 
metfavl-f IHV 1 .4-diazepine. 

5 

By analogy to the procedure of Example 2, 4-(rerr- 
butoxycaibonyl)-hexahydro-5-methyl-(2/0-1.4-cliazepin-2-one gave 1- 
(fm-butoxycarbonyl)-2^,6,7-tetrahydro-3-methoxy-7-methyl-( IH)- 1 ,4- 
diazepine as an almost colorless oil in 86% yield. 

10 

IH NMR (400 MHz, CD3OD): 5 4.55-4.10 (m. 2H). 3.75-3.55 (m, 2H), 
3.60 (s. 3H). 3.40 (dd, IH, J = 16. 11 Hz), 2.02-1.90 (m, IH), 1.65 (dt, 
IH, J = 15, 1 1 Hz), 1.45 (s. 9H), 1.12 (d, 3H, J = 6.5 Hz). 

15 Step E; 4-( rgrr-Butoxvcarfaon vl Vhexahvdro-2-imino-5-methvl-f 1 H)- 

1 .4-diazepine hydrochloride. 

By analogy to die procedure of Example 3, l-(rerr- 

butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-7-methyl-( 1/0- 1 ,4- 
20 diazepine gave 4-(rcrf-butoxycarbonyl)-hexahydro-2-imino-5-methyl- 
(1^-1,4-diazepine hydrochloride in quantitative yield. 

IH NMR (400 MHz. CD3OD): 5 4.60-4.20 (m. 3H), 4.53 (dd, IH, J = 
14. 7 Hz), 3.34-3.23 (partiaUy obscured by solvent. IH). 2.19-2.07 (m, 
25 IH), 1.93 (dt, IH. J = 15, 10 Hz). 1.19 (d, 3H, J = 7 Hz). 

Mass spectrum (ESI) m/e = 228 (M-HQ+l). 

StepF; Hexahvdro-2-imino-5-methvl-n /A- 1 .4-diazepine 

30 dihvdrochloride. 

By analogy to the procedure of Example 130 (Step D), 4- 
(f erf-butoxycarbonyI)-hexahydro-2-imino-5-methyl-( Iff)- 1 ,4-diazepine 
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hydrochloride gave hexahyciro-2-immo-5-methyl-(l/0-1.4-diazepme 
dihydrochloride as a hygroscopic brittle foam in quantitative yield. 

IH NMR (400 MHz. CD3OD): 5 4.52 (d, IH. J = 15 Hz). 4.18 (d. IH. J 
5 =15 Hz), 3.76-3.62 (m. 3H), 2.17 (dm, IH, J = 15 Hz), 1.89-1.77 (m 
IH). 1.43(d.3H.J = 6Hz). 



10 



Mass spectnmi (FAB) m/e = 128 (M-2HC1+1). 

EXAMPLE 14Q 
CHa 



CI 



He?cahy<irQ-2-imino-4-methvl-n/A-1 ^rfip^ ^mne 

By analogy to the procedure of Example 140 step F. 

2.5,6,7-tetrahydro-3-methylthio-l-methyl-(1^1.4-diazepine (prepared 
by the route of R. Guiyn. Polish J. Chem., 1989. ^, 265-271; £A 

20 112:178916x) gave hexahydro-2-imino-4-mediyl-(l^l,4-diazepine 
hydrochloride. The crude product obtained ftom 124 mg (0.784 mmol) 
of the starting iminothioether was dissolved in 0.55 mL of chloroform at 
45 OC and 0.25 mL of ethyl acetate was added. After cooling to room 
temperature, die resulting pale tan crystals were separated and dried 

25 under vacuum to give 108 mg (84% yield) of product. 

IH NMR (400 MHz. CD3OD): 6 3.68 (s. 3H), 3.54-3.50 (m. 2H). 2.97 (t, 
2H. J = 5.5 Hz), 1.80 (quintet. 2H. J = 5 Hz). 

30 Mass spectrum (FAB) m/e = 128 (M-HQ+l). 
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EXAMPLE 150 

^[J^NH 2HCI 

5 3-Amino-hex ahvdro-2-imino-fl/n-azepinedihvdrochloride. 

Step A: 3-(rg r/-Butoxvcarfaonvlaniino^-epsilon>caprolactain. 

3-Ammo-epsilon-caprolactam (2.00 g, 15.6 mmol) was 
1 0 dissolved in 25 mL of chlorofoim and di-rerr-butyl dicaibonate (3.70 g, 
16.9 mmol) was added with 5 mL of chloiofonn. The solution was 
stined at room temperatuxe for 2 hr. Hie reaction was diluted with 10 
mL of chloroform and washed with 2x10 mL of2N aqueous 
hydrochloric acid, 10 mL of saturated aqueous sodium bicarbonate, and 
15 10 mL of saturated aqueous sodium chloride. The combined organic 
layers were dried (sodium sulfate), decanted, and evs|>orated to give an 
almost colorless crystalline solid. This material was dissolved in 15 mL 
of hexane and 20 mL of ethyl acetate at 75 cooled to room 
temperature, and filtered to give 2.02 g (57% yield) of 3-(tert' 
20 butoxycarbonylainino)-epsilon-caprolactam as white crystals. 

iH NMR (400 MHz, CD3OD): 5 4.26 (d. IH, J = 10 Hz), 3.29-3.16 (m, 
2H), 2.03-1.70 (m, 4H), 1.60-1.27 (m, 2H), 1.44 (s, 9H). 

25 Mass spectrum (FAB) m/e = 229 (M+ 1 ). 

Stgp B; 3-(rgrr-ButoxvcaibonvlaminoV4.5.6. 7-tetrahvdro-2- 

methoxv-(3fA-azepine. 



30 



By analogy to the procedure of Example 2, 3-(/erf- 
butoxycarbonylamino)-^silon-capxolactam gave 3-(tert- 
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butoxycaibonylainino)-4.5,6,7-tetrahydro-2-methoxy-(3//)-azepme as a 
colorless oH in 95% yield. 

iH NMR (400 MHz, CDCI3): 5 5.38 (bd, IH, J = 6 Hz). 4,58 (bdd, IH. J 
= 10. 8 Hz). 3.68-3.62 (m. IH). 3.29 (t. IH. J = 12 Hz). 1.99-1.70 (m. 
4H). 1.46 (s, 9H). 1.46-1.22 (m. 2H). 

SiSB-G 3-(ferf-Butoxvcarhnnvlar|iinoVheTah vdro-2-immn-f ) ff). 

azepine hydrochlnririe. 



3-(/e/T-Butoxycarbonylamino)-4,5,6,7-tetrahydro-2- 
methoxy-(3i=0-a2epine (503 mg. 2.08 mmol) was dissolved in 6.0 mL of 
ethanol and 1 1 1 mg (2.08 mmol) of ammonium chloride was added. The 
mixture was heated to reflux for 3 h. cooled to room temperature, and 

15 evaporated. The residue was dissolved in 4 mL of chlorofom. filtered 
through a 0.45 micron membrane, and evaporated under a stream of 
nitrogen to a weight of 1.18 g. Dioxane (4.0 mL) was added and the 
mixnire was stirred briefly untU it became homogeneous. After crystals 
had formed, the mixture was cooled to 0 OC and filtered to give 3-(/crt- 

20 butoxycarix)nylamino)-hexahydn>-2-imino-(l/0-azepine hydrochloride 
as white crystals (623 mg. 85% yield) which retained 1 equivalent of 
dioxane. 

IH NMR (400 MHz, CD3OD): 54.57 (d. IH. J = 10 Hz). 3.57-3.46 (m 
25 2H). 2.06-1.94 (m. 2H), 1.89-1.66 (m, 3H). 1.51-1.42 (m. IH), 1.46 (s, ' 
9H). 

Mass spectnmi (FAB) m/e = 228 (M+1). 

^^^^ 3-Amin<Vhg7{fl!lVdrO-2-imino-(l y^-azepm. rfihy d mchloHH. 

By analogy to the procedure of Example 130 (Step D), 3- 
(rerr-butoxycaibonylamino)-hexahydro-2-imino-(l/0-azepine. 
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hydrochloride salt gave 3-axmno-hexahydio-2-iimno-(l/0-^cpine 
dihydrochloride as fine white crystals in quantitative yield. 

iH NMR (400 MHz, CD3OD): 6 4.71 (dd, IH, J = 10, 1.5 Hz), 3.61- 
5 3.50 (m, 2H). 2.15-1.82 (m, 5H). 1.60-1.47 (m, IH). 

Mass spectnim (FAB) m/e - 128 (M-2HC1+1). 



10 EXAMPLE 151 

^[J^NH 2HCI 

(5^-3-Amino-2-iminopiperidine dihvdrochloride. 

15 

StPP A; (5>-3-(fgrf-ButoxvcarbQnvlaminoV2- piperidone. 



l-Hydioxybenzotriazole (960 mg, 7. 10 mmol) and l-(3- 
dimethylaminopn>pyl)-3-etfaylcait>odiimide hydrochloride (1.36 g. 7.09 

20 mmol) were added to a stiired suspension of 1 .50 g (6.46 mmol) of N- 
alpha-(rerr-butoxycarfoonyl)-L-oniithine in 15 mL ofN^N- 
dimethylfonnamide. After stining overnight at room temperature, most 
of the solvent was removed on a rotary evaporator and die residue was 
diluted with 50 mL of ethyl acetate. The mixture was washed with 15 

25 mL each oi2N aqueous hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The organic layer 
was dried (sodium sulfate), decanted, and evaporated to give 706 mg 
(55% yield) of (5)-3-(terf-butoxycarbonylamino)-2-piperidone as a 
colorless viscous syrup. 

30 

iH NMR (400 MHz, CD3OD): 6 4.02-3.92 (m. IH), 3.30-3.22 (m, 2H), 
2.15-2.05 (m, IH), 1.97-1.70 (m, 3H), 1.45 (s, 9H). 



9614844A1 I > 
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(5V3-(fgry-Butoyvcari>onvlamino>-3.4.5.6-tetrahvrfr^7- 

methoxvpvridine- 

By analogy to the procediue of Example 2, (5)-3-(/m- 
5 butoxycarbonylamino)-2-piperidone gave (5>3-(Jc/T- 

butoxycarbonylainino)-3,4,5,6-tetrahydro-2-methoxypyridine as white 
crystals in (83% yield). 

iH NMR (400 MHz. CDCI3): 5 4.85-4.75 (bs, IH), 4.19-4.09 (bs. IH), 
10 3.63 (s, 3H), 3.49 (t. 2H. J = 6 Hz), 2.12-2.02 (m. IH), 1.86-1.61 (m, 3H), 
1.46 (s, 9H). 

Mass spectrum (FAB) m/e = 229 (M+1). 

15 

StgpC; (^-3-(rm-ButoxvcarbonvlaminoV2-iT ninopiperidine 

hydrochloride 

By analogy to the procedure of Example 3. (5)-3-(terr- 
20 butoxycarbonylamino)-3.43.6-tetrahydro-2-methoxypyridine gave (S)-3- 
(rerr-butoxycarbonylamino)-2-iminopiperidine hydrochloride as white 
crystals in quantitative yield. 

iH NMR (400 MHz. CD3OD): 5 4.40-4.33 (m, IH). 3.45-3.30 (m. 2H). 
25 2.10-1.84 (m. 4H). 1.47 (s, 9H). 

Mass spectrum (FAB) m/e = 214 (M-HQ+l). 

SISLD; (y>-3-Amino-2-iminopipftridine dihvdmrhlnrid^, 

30 

By analogy to the procedure of Example 130 (Step D). (5>3- 
(/e/7-butoxycarbonylamino)-2-iminopiperidine hydrochloride gave (5)-3- 
amino-2-iminopiperidine dihydrochloride as a white crystalline solid in 
quantitative yield. 
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iH NMR (400 MHz. CD3OD): 6 4.48 (t, IH, J = 6 Hz), 3.47 (t. 2H, J = 
6 Hz). 2.37-2.24 (m. IH). 2.08-1.90 (m. 3H). 

5 Mass specmim (FAB) m/e = 1 14 (M-2Ha+ 1 ). 



EXAMPLE 152 

^^NH HCI 
10 H 

Hexahvdro-3-imino-1.4-oxazepine hydrochloride. 

Stgp A; 2.S.6.7-Tetrahvdro-3.-methoxv- 1 .4-oxa2epine. 

Using the method described Example 2, 4.5,6.7-tetrahydro- 
(2^1.4-oxazepiii-3-one (prepared by the method of S. Suzuki, U.S. 
patent 4126614, 1978: £A 2Q:138397) was converted into 2.5.6.7- 
tetrahydro-3-methoxy- 1 ,4-oxaz^ine. 

IH NMR (400 MHz. CDdi): 6 4.18 (s. 2H). 3.87 (t, 2H, J = 6 Hz). 3.64- 
3.60 (m, 2H), 3.58 (s. 3H). 1.93-1.86 (m. 2H). 

StgpB; Hexahvdro-3-imino-l ^-oxazepine hydrochloride. 

25 

Using the method described in Example 3. 2.5.6,7- 
tetrahydro-3-methoxy-l,4-oxazqpine was converted into hexahydro-3- 
imino- 1 .4-oxazepine hydrochloride. 

30 IH NMR (400 MHz. CD3OD): 5 4.47 (s. 2H). 3.96 (t. 2H. J = 5 Hz). 
3.64-3.60 (m, 2H). 1.90 (quintet. 2H. J = 5 Hz). 



15 



20 
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Mass spectrum (FAB): m/e =115 (M-HQ+l). 



EXAMPLE I5d 

5 




HCI 



Hexahvdro-3-imino-1 ^-thiazepine hydrochloride. 

10 gtepA: 4.5.6.7-Tetra hvdro-f2fn-1.4-thia^epin-^-thionP 

Phosphorus pentasulfide (1 . 1 8 g, 2.66 niinol as P4S 10) and 
sodium hicarfoonate (3.56 g, 42.5 mmol) were added to a stirred solution 
of 500 mg (3.81 mmol)4,5,6,7-tetrahydro-(2f0-l,4-thiazepin-3-one 

1 5 (prepared by the method of M.F. Shostakovskii, et al. Zh. Obshch. Khim. , 
1961. 21, 1453; £A 55:22177g) in 15 mL of dry dioxane and the mixture 
was stirred at 75 for 4 h. The solvent was removed in vacuo, water 
(15 mL) was cautiously added, and the mixture was heated to 50 for 1 
h. The reaction was cooled to room temperature and sodium chloride 

20 (6. 1 g) was added followed by 40 mL of dichloromethane. To facilitate 
separation of the layers, 30 mL of saturated aqueous sodium chloride and 
100 mL of ethyl acetate were also added. The aqueous layer was 
extracted with 3 x 40 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evaporated. The crude 
25 product was chromatographed on 30 g silica gel, eluting with 1.25 L of 
20% ethyl acetate/hexane and 200 mL of 5% of ethyl 
acetate/dichloromethane to give 380 mg (68% yield) of 4,5,6,7- 
tetrahydro-(2/0-1.4-thia2epin-3-thione as a white solid. 

30 IH NMR (400 MHz, CDQs): 5 8.55 (bs, IH), 3.74 (s, 2H), 3.51-2.44 
(m, 2H), 2.92-2.87 (m, 2H), 1.97 (quintet, 2H, J = 5 Hz). 
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Mass spectnim (FAB): m/e = 148 (M+1). 

Step B: 2.5.6.7 -Tetrahvdro-3-ethoxv-1.4-thia2epine. 

5 Employing the method of E. Mohacsi and E.M. Gordon 

iSynth. Commun., 1984. 14, 1 159), ethyl chlorofonnate (0.1 12 mL, 1.17 
mmol) was added to a mixture of 4,5,6,7-tetrahydro-(2f/)-1.4-thiazepin- 
3-thione (150 mg, 1 .02 mmol) and 0.30 mL of dry dioxane. The mixture 
was stirred and occasionally swirled for 1.5 h at room temperature. The 

10 mixture was diluted with 15 mL of ethyl acetate and washed with 15 mL 
of saturated aqueous sodium carbonate, 10 mL of saturated aqueous 
sodium carbonate, and 10 mL of saturated aqueous sodium chloride. The 
aqueous layers were extracted in succession widi 15 mL ethyl acetate; 
The combined organic layers were dried (sodium sulfate), decanted, and 

15 carefuUy evaporated to give 158 mg of crude 2,5,6,7-tetrahydro-3- 
ethoxy- 1 ,4-thiazepine as a slighdy volatile yellow oil. 

IH NMR (400 MHz. CDQa): 6 4.02 (q, 2H, J = 7 Hz). 3.54-3.50 (m. 
2H). 3.28 (s. 2H), 2.88 (t. 2H, J = 5 Hz), 1.94-1.87 (m, 2H). IJZ6 (t, 3H J 
20 =7Hz). 

SS^£l Hexahvdro-3-imino-1.4-riMazepine hydrochloride. 

Using the method described in Example 3, 2.5,6,7- 
25 hexahydro-3-ethoxy-l,4-thiazepine (150 mg, 0.94 mmol) was converted 
into the amidine hydrochloride. In this case, the crude product (138 mg) 
was recrystallized from metfaanol/ethyl acetate at 60 widi cooling to 0 
OC to give 56 mg (29% yield) of hexahydro-3-imino-l,4-thiazepine 
hydrochloride containing 25% ammonium chloride. 

30 

iH NMR (400 MHz, CD3OD): 63.62 (s, 2H), 3.60-3.58 (m, 2H), 3.01- 
2.97 (m. 2H), 1.95 (quintet, 2H, J = 5 Hz). 

Mass spectrum (FAB): m/e =131 (M-HQ+l). 
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EXAMPLE 154 
-H 

fj'^NH 2HCI 

Hg?K^hvdTO-3-imino-5-T>mpvl-n/r>-1 4- dia2epine dihydrochloride, 

ethvl ester. 



l-Hexeii-3-one (5.04 g. 51.3 mmol) was added to a solution 
of glycine ethyl ester (5.3 g, 51.3 mmol) in 50 mL of chlorofomi. After 3 
h at n>om temperature, chloroform (15 mL) was added followed by 
portionwise addition of di-r^rf-butyl dicaibonate (12.2 g. 56 mmol). The 

1 5 solution was stirred overnight at room temperature and then washed with 
50 mL of saturated aqueous sodium bicarbonate and 50 mL of saturated 
aqueous sodium chloride. The combined aqueous layers were extracted 
widi 2 X 50 mL of ethyl acetate. The combined organic layers were dried 
(sodium sulfate), decanted, and evaporated. Flash column 

20 chromatography on 450 g of silica gel eluting with 10% ethyl 

acetate/hexane gave 13.7 g (89% yield) of A^-(te/t-butoxycarbonyl)-A^(3- 
oxohexyl)glycine ethyl ester as a yellow oil. 

iH NMR (400 MHz. CDQa) showed two distinct rotamers in a 3:2 ratio. 
25 Rotamer A (major): 6 4.13 (q. 2H. J = 7 Hz). 3.92 (s. 2H), 3.49 (t, 2H. J 

= 6 Hz). 2.75 (t. 2H. J = 6 Hz). 2.37 (t. 2H. J = 7 Hz). 1.62-1.50 (m. 2H). 

1.38 (s. 9H). 1.25 (t, 3H. J = 7 Hz). 0.87 (t. 3H, J = 6 Hz). Rotamer B 

(minor): 6 4. 19 (q. 2H. J = 7 Hz). 3.97 (s. 2H). 3.46 (t, 2H. J = 6 Hz). 

2.70 (t, 2H. J = 6 Hz). 2.37 (t. 2H. J = 7 Hz). 1.62-1.50 (m. 2H). 1.45 (s. 
30 9H). 1.23 (t. 3H. J = 7 Hz). 0.89 (t. 3H. J = 6 Hz). 



Mass spectrum (FAB): m/e = 202 (M-99). 
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SieilBi /V-(rfrT-BmoXVCaibonvlV/V-f3-rhenrv1am mo>heirvT^{>1vrin p 

gtfayl ester. 

5 Benzylamine (5.7 g, 53.2 mmol) was added to stirred 

solution of ;V-(fm-butoxycart>onyl)-A^(3-oxohexyl)glycine ethyl ester 
(8.07 g, 26.6 mmol) in 30 mL of pyridine and 30 mL of glacial acetic 
acid at 0 OC. A THF solution of sodium cyanoborohydride (1.0 M, 17.3 
mL, 17.3 namol) was added via syringe at 2.0 mL/h. After completion of 

1 0 the addition, the reaction was continued at 0 oC to room temperature 
overnight The reaction was poured into a mixture prepared from 20 mL 
of concentrated hydrochloric acid and 230 g of ice, and extracted with 4 x 
200 mL of etfiyl acetate. The ethyl acetate layers were washed in 
succession with 500 mL of saturated aqueous sodium carbonate and 500 

15 mL of saturated aqueous sodium chloride, dried (sodium sulfate), 
decanted, and concentrated to give a yeUow oil. Flash column 
chromatography on silica gel eluting with 5-50% ethyl 
acetate/dichloromethane furnished 5.44 g (59% yield) of N-itert- 

butoxycaibonyl)-Ar-(3-(benzylamino)hexyl)glycine etfiyl ester as a yeUow 
20 oil. 

iH NMR (400 MHz, CDQs) was complicated by the presence of a 5:4 
mixture of rotamers: 5 7.36-7.18 (m. 4H). 4.16 (q. 2H. J = 7 Hz). 3.94- 
3.67 (m. 5H). 3.45-3.21 (m. 2H). 2.72-2.50 (m. IH). 1.75-1.21 
25 (m, 9H). 1.43 and 1.39 (two s. 9H). 0.89 (t. 3H, J = 7Hz). 

Mass spectrum (ESI): m/e = 393 (M+1). 

ester, 

A solution of 5.2 g (13.3 mmol) of A^-(/m-butoxycarbonyl)- 
Ar-(3-(benzylamino)hexyl)glycine ethyl ester in 15 mL of ethanol and 7 5 
mL of glacial acetic acid was shaken with 2.08 g of 20% palladium 
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hydroxide on carbon under 45-47 psi of hydrogen for 24 h. The mixture 
was filtered and catalyst was washed with ethanol. The filtrate was 
concentrated and the residue was partitioned between 100 mL of ethyl 
acetate and 50 mL of saturated aqueous sodium bicarbonate. The 
5 aqueous phase was extracted with 3 x 50 mL of ethyl acetate, and the 
combined organic layers were dried (sodium sulfate), decanted, and 
concentrated to give 7V-(rcit-butoxycarbonyl)-A^(3-aminohexyl)glycine 
ethyl ester as a colorless oil in quantitative yield. 

10 1H NMR (400 MHz, CD3OD) was complicated by the presence of a 2: 1 
mixttire of rotamers: 54.21-4.14 (m, 2H), 3.97-3.86 (m, 2H), 3.59-3.50 
(m, IH), 3.43-3.17 (m. IH), 2.80-2.68 (m. IH), 1.75-1.65 (m, IH), 1.50- 
1.23 (m, 8 H), 1.47 and 1.40 (two s, 9H), 0.96-0.90 (m, 3H). MS(FAB): 
m/e = 303 (M+1). 

15 

SttP P; 4-f rgrf-ButoxvcaTbonvlVhexahvdro-7-propvl-r2//>-l .4- 

diazepin-2-one. 

A solution of ^-(rerf-butoxycarbonyl)-Ar-(3- 
20 aminohexyl)glycine ethyl ester(3.3 g. 10.4 nunol) in 40 mL of ethanol 
was refluxed for 2 d. The solvent was evaporated and the residue was 
purified by fiash chromatography on 200 g of silica gel, eluting with 20- 
50% ediyl acetate/dichloromethane followed by 10% 
methanol/dichloromethane. 4-(terr-Butoxycaibonyl)-hexahydro-7- 
25 propyl-(2//)-l>^^3zepin-2-one was isblated as 804 mg (30% yield) of 
white solid and 1.64 g (62%) of starting material was recovered. 

1h NMR (400 MHz, CD3OD) was complicated by the presence of a 
mixture of rotamers: 6 4.18-4.01 (m, 2H), 3.84-3.64 (m, IH), 3.51-3.30 
30 (m, 2H). 1.98-1.85 (m. IH), 1.71-1.33 (m, 5H), 1.45 (s, 9H), 0.94 (t, 3H, 
J=7Hz). 

Mass spectrum (FAB): m/e = 157 (M-99). 
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<^l^ p f ' 1 -f/grf-B u t^7^Yf 5.6.7-tetrahv(1ro-^-mgth9XY-5- 
pmpvl-ri ffW I 4-diaMDine. 

Using the method described in Example 2, 4-(/c/T- 
5 butoxycaibonyl)-hexahydio-7-propyl-(2H)-l .4-diazepin-2-one was 
converted into l-(rcrr-butoxycaibonyl)-2.5.6,7-tetrahydro-3-methoxy-5- 
propyHl/O- 1 ,4-dia2epine. 

1H NMR (400 MHz, CD3OD) was complicated by the presence of two 
10 rotamers: 8 4.30 and 4.17 (two d, IH. J = 16 Hz). 4.07-3.95 (m. IH), 
3.59 (s. 3H), 3.54-3.36 (m. 3H). 1.95-1.78 (m. IH), 1.61-1.32 (m, 5H), 
1.45 (s, 9H). 0.92 (t. 3H, J = 7 Hz). 

Mass spectnmi (FAB): m/e = 256 (M+1). 

15 

Step F; l-(fgyt-Butoxvcaib nnvlV3-(fgry-butoxvcaTbonvlimino)- 
hexahvdro-5-propv l-n fA-1 .4-diazepine. 

Using the method described in Example 3, 100 mg (0.373 
20 mmol) of l-(f^rf-butoxycaibonyl)-2,5.6,7-tetrahydio-3-methoxy-5- 
propyl-(l/0-1.4-diazepine yielded 104 mg of crude l-(rer/- 
butoxycari>onyl)-hexahydro-3-imino-5-propyl-(lH)-l»^diazepine 

hydrochloride salt as an amber foam. Without purification, this 
intomediate was dissolved in 1.0 mL of chloroform and treated with 

25 0.045 mL (41 mg, 0.36 mmol) of 1.1,3.3-tetramethylguanidine and 85 mg 
(0.392 mmol) of di-fcrf-butyl dicaxbonate. After stirring 24 h at room 
temperature, die mixture was partitioned between 25 mL of chloroform 
and 10 mL of saturated aqueous sodium chloride. The aqueous layer was 
extracted with an additional 25 mL of chloroform and the organic layers 

30 were dried (sodium sulfate), decanted, and evaporated. The residue was 
purified by flash colunm chromatography on 10 g of silica gel eluting 
with 20% ethyl acetate/hexane to furnish 46 mg (41% yield) of l-(i«rf- 
butoxycarbonyl)-3-(terT-butoxycaibonylimino)-hexahydro-5-propyl- 
(lii0-l*4-diazepine as a colorless film. 
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H NMR (400 MHz, CD3OD): 5 4.22 (bd, IH, J = 16 Hz), 4.02-3.84 (m 
1 H), 3.96 (d, IH, J = 16 Hz). 3.55-3.44 (m, IH). 3.22-3.08 (m IH) 

^•'^^^•^^ ^-^^-^-^^ (m, 4H). 1.50 (s, 9H) 

1.44 (s. 9H), 0.96 (t. 3H, J = 7 Hz). 

fr^' ^. ^^^ " ^V^^^-'"»nt>-5-Propvl-rim-l,4-Hi«..p^T^ . 

Using the mediod described in Example 130 (Step D) 1- 

/I converted into hexahydro-3-imino-5-propyl. 

(1^-1,4-diazepine dihydrochloride. 

15 in NMR (400 MHz, CD3OD): 5 4.44 (d, IH, J = 15 Hz), 4.06 (d, IH J 
m J a'f f ' = ' ^-^^ ^ = ^ H-)^ 3-40 ddd, 

1-71-1.60 (m, IH). 1.56-1.40 (m. 2H). 1.00 (t, 3H, J = 7 Hz). 

20 Mass spectrum (FAB): m/e = 156 (M-2Ha+l). 



25 



^ H'^NH 2 HCI 



30 




Using the method described in Example 154 (Steo 
methyl vmyl ketone and glycine ethyl ester were coJl^Z ^ 
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with di-reft-butyl dicarbonate to give A^(fcrr-butoxycarbonyl)-Ar-(3- 
oxobutyl)glycine ethyl ester. 

1H NMR (400 MHz, CDCiS) showed two distinct rotamers in a 3:2 ratio. 
5 Rotamer A (major): 6 4.14 (q. 2a J = 7 Hz), 3.92 (s, 2H). 3.49 (t, 2H. J 
= 6 Hz), 2.79 (t, 2H, J = 6 Hz), 2.12 (s, 3H), 1.38 (s, 9H), 1.25 (t, 3H. J = 
7Hz). Rotamer B (minor): 64.14 (q. 2H, J = 7 Hz), 3.97 (s. 2H), 3.46 (t, 
2H. J = 6 Hz), 2.74 (t, 2H, J = 6 Hz), 2.13 (s, 3H), 1.45 (s, 9H), 1.23 (t, 
3H,J = 7Hz). 

10 

Mass spectrum (ESI): m/e = 296 (M+Na). 

Step B: N-f rgrf-ButoxvcarbQnvlVA^-f3- fbenzvlamino)butvnglvcine 
ethyl ester. 

15 

Using the method described in Example 154 (Step B), A^- 
(fe/t-butoxycarbonyl)-^-(3-oxobutyl)glycine ethyl ester was converted 
into iV-(fe/t-butoxycaibonyl)-^-(3-(benzylamino)butyl)glycine ethyl 
ester. 

20 

1H NMR (400 MHz, CDCI3) was complicated by the presence of two 
rotamers: 5 7.36-7.20 (m, 5H), 4.16 (bq, 2H, J = 7 Hz), 3.96-3.68 (m, 
4H), 3.50-3.21 (m, 2H). 2.89-2.66 (m, IH), 1.74-1.54 (m, 2H), 1.43 and 
1.40 (two s, 9H). 1.26 and 1.24 (two q, 3H, J = 7 Hz), 1.13 and 1.10 (two 
25 d,3H.J = 6Hz). 

Mass spectrum (ESI): m/e s 365 (M+1). 

Step C: N'< fgyt-Butoxvcarbonvl W-f 3-aminobutvnplvcine ethvl 
30 ester. 

Using die method described in Example 154 (Step C), N- 
(fe/t-butoxycarbonyl)-^-(3-(benzylamino)butyl)glycinc ethyl ester was 
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conveited into A^(rcfr-butoxycarbonyl)-Ar-(3-ammobutyl)glycine ethyl 



ester. 



iH NMR (400 MHz. CDCI3) was compUcated by the presence of two 
5 rotameis: S 4.18 (q, 2H, J = 6 Hz). 3.99-3.86 (m. 2H). 3.58-3.49 (m IH) 
3.42-3.17 (m. IH). 3.07-2.89 (m, IH), 1.72-1.44 (m, 2 H). 1.47 and 1 41 * 
(two s. 9H), 1.30-1.24 (m, 3H). 1.15-1.10 (m. 3H). 



10 



Mass spectrum (ESI): m/e = 275 (M+1). 

S^SILD; 4-(fgrf-ButoxvcaThnnv1Vh exahvdro-7-methvl-r7m-^ A. 

diazenin-^nT^f, 



Using the method described in Example 154 (Step D) N- 
15 aerr-butoxycaibonyI).Ar.(3-aminobutyl)glycine ethyl ester was converted 
mto4-(/grf-butoxycaibonyl).hexahydro-7-methyl-(2/0-1.4-diazepin-2- 



one. 



IH NMR (400 MHz. CDa3) was complicated by the presence of 
20 rotemers: 64.35-3.35 (m. 5H). 1.90-1.60 (m. 2H). 1.44 (s. 9H). 1.22 (d. J 
= 6 Hz). 

Mass spectrum (ESI): m/e = 229 (M+1). 
2^ ^!!^„^; . Hjm-B»toxyrarbonvivo 5.6,7-r.tr.h.H^ct_^ .^ |, ^^,. c 

methVl-( 1 ff)- 1 4-dia2epTT^f , 

Using the method described in Example 2. 4-(rm- 
butoxycarbonyl)-hexahydro-7-methyl-(2«)-1.4-diazepin.3-one was 
30 converted into l-(r^rf-butoxycaibonyl)-2.5.6.7-tetrahydro-3-methoxy-5- 
niethyl-(l/0-1.4-diazepine. ' 

IH NMR (400 MHz. CDa3) was compUcated by the presence of two 
rotamers: 5 4.35 and 4.14 (two d. IH. J = 16 Hz). 3.95 (d. IH. J = 16 
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Hz), 3.64-3.30 (m, 3H). 3.58 (s, 3H), 1.92-1.82 (m, IH), 1.63-1.52 (m, 
IH), 1.43 (s, 9H), 1.22 (d. 3H. J = 6 Hz). 

Mass spectrum (ESI): m/e = 243 (M+1). 

5 

Step F: l-(rgrf-ButoxvcaThonvlVhex ahvdro-3-imino-5-methvl-fim- 
1 .4-diazepine hydrochloride. 

Using the method described in Example 3, 1-itert- 
10 butoxycarbonyl)-2.5,6,7-tetrahydro-3-methoxy-5-methyl-(lH)-l,4- 
diazepine was txeated with ammonium chloride in ethanol. 
Recrystallization of the crude product from chloroform/dioxane jdelded 
1 -(/e/t-butoxycaibonyl)-hexahydro-3-imino-5-methyH 1 H)- 1 ,4-diazepine 
hydrochloride as white crystals. 

15 

1H NMR (400 MHz, CD3OD) was complicated by the presence of two 
rotamers: 6 4.53 and 4.45 (two d, IH. J = 16 Hz), 4.32 and 4.21 (two d, 
IH. J = 16 Hz), 4.13 (dt, IH, J = 14. 3 Hz), 3.96-3.86 (m, IH). 3.34-3.20 
(m, IH), 1.89-1.81 (m, IH), 1.78-1.62 (m. IH). 1.47 (s. 9H), 1.35 (d. 3H. 
20 J = 6Hz). 

Mass spectrum (ESI): m/e - 228 (M-HCl+1). 

Step G: Hexahvdro-3-imino-5-methvl-f 1 m- 1 ■4-dia2epine 
25 dihydrochloride. 

Using the method described in Exaiiq>le 130 (Step D). 1- 
(rerr-butoxycarbonyl)-hexahydro-3-imino-5-methyl-( IH)- 1 ,4-diazepine 
hydrochloride was converted into hexahydro-3-imino-5-methyI-(l^-l,4- 
30 diazepine dihydrochloride. 

iH NMR (400 MHz. CD3OD): 5 4.54 (d, IH, J = 15 Hz), 4.21 (d, IH, 
15 Hz). 4.10-4.01 (m. IH). 3.64 (dt. IH. J = 14. 3 Hz). 3.40 (td. IH, J = 
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14, 3 Hz), 2.08 (dtd, IH, J « 14, 3, 1 Hz), 2.01-1.88(m, IH), 1.43 (d, 3H, 
J = 7 Hz). 

Mass spectnim (FAB): in/e= 128 (M-2HC1+1). 

EXAMPLE 156 

^^-^g'^NH 2 Ha 

2-IminQ-<j^al»Y<i rp-cis-1 .4-benzor e )dia 2eDine dihvdrnchlnriH^ 
S^gp A; N-2-Nitrophenvlmethv1-y1vri ne methvl ester 

To a solution of glycine methyl ester hydrochloride (8.31 g, 
66.2 mmol) in 150 ml MeOH were added 2-mtrobenzaldehyde (10 g, 
66.2 mmol) and 27 g of powdered molecular sieves (3A) . After stimng 
at room temperature overnight, sodium cyanoborohydiide (12.5 g,199 
mol) in 150 ml of THF was added, then the reaction mixture was further 
stirred for 8 h. The solvent was removed under reduced pressure. The 
residue was suspended in EtOAc and filtered throught a pad of celite. The 
filtrate was washed with sat. NaHC03. The aqueous layer was extracted 
twice with EtOAc. The combined organic layers were dried over 
anhydrous Na2S04, filtered , concentrated and chromatographed on 
silica gel eluting with hexane-EtOAc to give 2.94 g of the desired 
product 

iH-NMR (500MHz. CDCI3): 6 7.97(1H, d. J=8Hz), 7.65(1H, d, J=8Hz). 
7.6(1H, t, J=8Hz), 7.44(1H, t, J=8Hz), 4.11(2H. s), 3.73(3H, s), 3.47(2H, 
s). 



Mass Spectrum m/e = 225 (M++1) 
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Step B: N-f2-Amino phenvnmethvl-N-t-butvl0XVCart)Qnvl-glvcine 
methvl ester 

5 To a solution of N-2-iiitroiAenylmethyl-glycine methyl ester 

(2.94 g. 13.1 mmol) in 80 ml CH3CN was added di-t-butyl dicarbonate 
(3.43 g. 15.7 mmol) and diisopropylethylamine (6.8 ml, 39 mmol). After 
stirring at room temperature overnight, the solvent was removed under 
reduced pressure, diluted with EtOAc, washed with NH4CI solution. The 

10 aqueous layer was extracted with EtOAc twice. The combined organic 
layers were dried over anhydrous Na2S04» concentrated and 
chromatographed on silica gel eluting with hexane-EtOAc to give 4.1 1 g 
of N-2-nitrophenylmethyl-N-t-butyloxycarbonyl-glycine methyl esier. 
This material was dissolved in 150 ml of MeOH and hydrogenated in a 

15 Parr shaker (50 psi) with 164 mg of 10% Pd/C overnight. The reaction 
mixture was then filtered duough a pad of celite and was concentrated. 
The residue was chromatographed on silica gel eluting with hexane- 
EtOAc to give 3.6 g of the desired product 

20 iH-NMR (500MHz, CDa3): 5 7. 1(1H, t. J=7.6Hz), 6.97(1H, d, J=7H2). 
6.66(2H. multiplet), 4.47(2H, s), 4.41(2H, br. s), 3.71(3H, s), 1.46(9H, s). 

Mass spectrum m/e = 295 (M++1). 

25 Step C: 4-t-Butvloxvcaifaonvl-4.5-dihvdro-lH-ben20-(eV1.4-dia2epin- 

To a 150 ml DMF solution of N-(2-aminophenyl)methyl-N- 
t-butyloxycarbonyl-glycine methyl ester (3.6 g, 12.2 mmol) was added 
30 NaH (308 mg, 12.8 nomol). After stirring overnight, DMF was removed 
under reduced pressure. The residue was diluted with CH2CI2 and was 
washed with aqueous NH4Q. The aqueous layer was extracted widi 
CH2CI2 twice. The combined organic layers were dried over anhydrous 
Na2S04* filtered and concentrated to give pale yellow fluffy solid. This 
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material was suspended in hexanes : EtOAc = 5:1. The solid material 
was coUected by suction filtration to give 2.53 g of desired product as 
white solid. 

5 IH-NMR (500MH2. CDCI3): 5 8. 1-6.95(4H, br m), 4.6-4.2(4H. br m) 
1.4(9H,brm). 

Mass spectrum m/e - 263 (M++1), 163(M+-Boc). 

StgP P; 4-t-Putv|oxvcaTt>onvl-octahvrirn-1 H-benro-rftV1.4-diaTPmn- 
2f3HV.one 

To HOAc (50 ml) solution of the 4-t-butyloxycarbonyl-4,5- 
dihydio-lH-benzo-(e)-1.4-diazepin-2(3H)-one (1.0 g .3.8 mmol) was ' 

15 added 500 mg of I>t02. TOs mixture was hydrogenated in a Pair shaker 
C50 psi) overnight, then filtered dirough a pad of celite, and concentrated 
The residue was diluted with EtOAc, washed with sat NaHC03 twice 
dried over anhydrous Na2S04. filtered and concentrated. TTie residue' 
was chromatographed on siUca gel eluting with hexane-EtOAc to give 

20 965 mg of the desired product 

Mass spectrum m/e = 269(M++1), 169(M+-Boc). 

SfeP E; 4-t-PntVlOXVCaThonvl-2-iniinfuH^r^ hvdfr^ri«.1 4. 
^5 bcnzo(e)diazepine hvHrr|^||]^rif!r 

This compound was prepared following the procedure 
described in examples 2 and 3. 

30 Mass spectrum m/e = 268(M++ 1 ) 

StgpF; ?rTinTnT>-(lfrnhVdrP-Cis-1 4-benrore^dia:.^p;T^^^f|^ v drochlnriH^ 
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To EtOAc (1 mL) solution of 30 mg (0.1 nmiol) of 4-t- 
butyloxycarbonyI-2-imino-decahydro-cis-l,4-benzo(e)diazepine 
hydrochloride was added 2ml of EtOAc solution of anhydrous HCl. 
After stirring for Ih, the solvent was removed under reduced pressure to 
give 21.6 mg of the desired compound. 

Mass spectrum m/e =168 (M++1) 

EXAMPLE 157 

2-lminQ-decahvdro-cis-3H-ben7/e^aTft p inhvdmchloi7 rff 



.HCl 



^5 Step A; 4 . S-nihydro-3H-benzfe^aTi»pin-7n^-^n r 

Sodium azide (1.11 g. 17 mmol) was suspended in 7 mL CHCI3 / 
1.3 mL H20 and cooled to 0 ©c in an ice bath. Sulfuric acid ( 0.5 mL) 
was added dropwise. and the suspension was warmed to room 
temperature. After 15 minutes, the CHGs layer was removed and dried 
with Na2S04. After filtering, the CHCI3 solution was added to a 
solution of l.Og a-tetralone (6.84 mmol) in 2mL CHCI3. The combined 
solutions were cooled to OO C in an ice bath, and 2.2 mL sulfuric acid 
was added dropwise. After addition, the solution was warmed to 45© c 
for 45 minutes, then cooled to room temperature. The H2SO4 phase was 
diluted with H2O and cooled to OO C. A 50% aqueous solution of NaOH 
was added dropwise untU pH=13. The resulting suspension was dUuted 
with H2O / EtOAc and stirred until the soUds were dissolved. The 
aqueous phase was extracted with ethyl acetate, and the combined 
orgamc layers were dried with Na2S04. filtered, concentrated, and 
chromaiographed witfi hexanes / ethyl acetate to isolate 0.64g (58%) of 
the product 
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iH NMR 500 MHz (CDQa): 2.18-2.27 (m, 4H), 2.76 (u 2H), 7 ( app. d, 
IH). 7.12 (app. t, IH). 7.23 (app.t, 2H). 

5 Mass spectrum m/e = 162 (M-t-1) 

Step B: Octahvdro-cis-3H-ben2reVazepiii-2(lHVone 

4,5-Dihydro-3H-beiiz(e)azepin-2(lH)-one (0.5 g, 3.1 mmol) was 
10 dissolved in 4 mL acetic acid and 0.25 g platinum (TV) oxide was added. 
The mixture - was shaken under a hydrogen atmosphere at 50 psi 
overnight. The mixture was filtered through Celite, which was then 
washed with lOmL ethyl acetate. The collected solution was 
concentrated to a crystalline solid. Chromatography with hexanes / ethyl 
15 acetate isolated 0.45g (87%) of product 

IH NMR (400MHz, CDOs) 1.1-1.9 (m. 12H), 2.45 (m, 3H), 3.76 (app. s 
IH). 5.2 (br s IH). 

20 Mass spectrum m/e = 1 68 (M+1) 

Step C: 2-Imino-decahvdro-3H-benz(e^az epin hydrochloride 

The title compound was prepared following the procedure 
25 described in Examples 2 and 3. 

iH NMR (500 MHz, CD3OD) 1.0-2.4 (m, 13H), 2.58-2.76 (m, 3H), 3.34 
(m, IH). 3.98 (s, IH). 

30 Mass spectrum m/e = 167 (M+l) 
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EXAMPLF 15R 




.HOAc 



5 Trans-Octahvdro-3-imino-2H-1.4-benzthiazine . acetic acid salt 

The title compound was prepared from trans-2-aminocyclohexanol 
hydrochloride according to die procedure described in Example 140. 

10 Mass spectrum m/e = 171 (M+1) 

EXAMPT.F1SQ 




.HOAc 



H 

15 

CiS-Octahvdn>-3-imino-2H-1.4-henzthiazifie. a cetic acid salt 
Step A: 2-Ethoxvcaibonvlmethvlthio-cvcloheTannni. 

20 A solution of 1 . 14 mL (10 mmol) of 2-chlonx;yclohexanone 

in 15 mL of EtOH was treated with 1.1 mL (10 mmol) of ethyl 2- 
mercaptoacetate and 1.38 g (10 nmiol) of K2CO3. After stirring for 1 h 
the reaction mixture was partitioned between water and Et20:EtOAC. 
The organic layer was washed with water, brine, dried and concentrated. 

25 Purification of the residue by chromatography using a gradient of 10-20% 
EtOAc-hexane furnished 2.0 g of the title compound. 

StepB: Cis-Hexahvdro-1 4-benTthiaYflTin -^r4m-nnft 
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To a solution of 0.43 g (2 mmol) of 2- 
ethoxycaibonylmethylthio-cyclohexanone in 5 mL of MeOH. 0.12 g 
(2.24 nimol)ofNH4Cl was added and striecd for 10 min to allow some 
of NH4CI to dissolve. A THF solution of NaCNBH3 (IM, 2.3 mL) was 
5 dropwise added to this mixture with a syringe pump over 40 min. White 
precipitate was formed as the reducing agent was added. After stirring 
for 4 h, the reaction was quenched by adding NaHC03 solution and 
extracted with EtOAc. The organic layer was washed with water, brine, 
dried and concentrated. The residue was dissolved in 3 mL of EtOH, 
10 heated to 50 OC for 2 h then allowed to stand for 2 d. The solution was 
concentrated and the residue was chromatographed using a gradient of 
20-100% EtOAc-hexane to isolate 30 mg of the desired product along 
with 53 mg of the trans-hexahydn>-l,4-benzthiaxazin-3(4H)-one. 

15 iH NMR (CDa3): 1.2-2.0 (m, 8HX 3.08 (m, IH). 3.22 and 3.34 (AB q, 
2H, J=16 Hz), 3.75 (m, IH), 6.3 (br s, IH). 

StgP C; CiS-OctahvdrO-3-imino-2H-1.4.henTt hia2ine. acetic arid salt 

20 The title compound was prepared from cis-hexahydro-1,4- 

benzthiaxazin-3(4H)-one by the method of Exanq>le 140 step D and E. 

iH NMR (CD30D): 1.35-2.1 (m, 8H), 1.95 (s, 3H), 3.4 (m, IH), 3.46 
(d, IH), 3.74 (m, IH), 3.79 (d, IH). 

25 

Mass spectram m/e - 171 (M+1) 



EXAMPLKIftfl 



30 




2-IlIUno-5r6H>-Oxa-c<.v-hexahvdro-nHWiuinnTinft h vdrochloride 
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Step A; l-Benzvl-3.4.6.7-tetrahvdro-pvrindin-2.5-dione 

To a soludon of 3-beiizylammo-cyclopent-2-en-l-one (5.0 g, 0.027 
mol) in dry tetrahydrofiiran (THF) (120 mL) at reflux temperature 
5 added over 90 min. a solution of acryloyl chloride (3.15 g, 0.035 mol) in 
THF (60 mL). Stirring at reflux temperature was maintained for an 
additional 10 hours. The reaction mixture was cooled and washed with 
saturated sodium bicarbonate solution (1(X) mL). The aqueous layer was 
extracted with diethyl edier (2 x 100 mL), and the combined organic 
10 layers dried (Na2S04), and evaporated. The residue was 

chromatographed on silica gel (20-30% acetone/hexane) to afford the tide 
compound as an oil that solidified upon standing; yield 2.17 g (34%). 

iH NMR (400 MHz. CDCI3): d 2.45 (m. 2H); 2.52 (m. 2H); 2.63 (m. 
15 2H); 2.73 (t. 2H); 4.91 (s, 2H); 7.18-7.36 (m, 5H). 

Mass spectrum: m/e 242 (M + 1). 

Step B; l-Benzv1-rK-hexahvdm-pvrindin-2 5-dinnft 

20 

A mixture of l-benzyl-3,4,6,7-tetrahydro-pyrindin-2,5-dione (780 
mg, 3.23 mmol) and sodium carbonate (156 mg) in ethanol (40 mL) was 
hydrogenated in the presence of 10% paUadium-on-charcoal (390 mg) at 
50 psi for 48 h. The catalyst was removed by filtration through (Telite, 

25 washed with methanol, and the combined filtrate and washings 

evaporated. TLC indicated a mixture of the saturated ketone and slower- 
moving alcohol. The crude product was therefore subjected to oxidation 
with tetrapropylanomonium peiTuthenate(Vn) (TPAP) (52 mg, 0.147 
mmol) in methylene chloride (8 mL) in the presence of 4- 

30 methylmorphohne N-oxide (514 mg, 4.39 mmol), and powdered 4A 

molecular sieves ((1.47 g). After stirring for 1 h at room temperature, the 
reaction mixture was placed on top of a column of silica gel (30 g) 
(packed as a slurry in 20% acetone/hexane). Elution with the same 
solvent system afforded the tide compound; yield 540 mg (69%). 
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iH NMR (400 MHz, CDCI3): d 1.89 (m, IH); 1.96-2.09 (m, 2H); 2.16- 
2.37 (m. 3H); 2.42 (m, 2H); 2.50 (m, IH); 3.98 (m, IH); 4.25 (d, IH); 
5.18 (d, IH); 7.21-7.32 (m. 5H). 

Mass spectrum: m/e 244. (M + 1). 

StepC; l-Benzvl-5-oxa-c£j-hexahvdrD-quinoline-2.6-dioneand 1- 
bcnzvl-6-oxa-ci5-hexahvdro-quinoline-2.5-dione 

To a solution of l-benzyl-cty-hexahydro-pyrindin-2,5-dione (195 
mg, 0.801 mmol) in chlorofoim (5 mL) was added p-toluenesulfonic acid 
(10 mg) and a solution of m-chloroperbenzoic acid (138 mg, 0.801 
mmol) in chloroform (5 mL). The reaction mixture was stirred for 2 days 
at room temperature and then evaporated. The residue was 
chromatographed on sOica gel (30% acetone/hexane) to afford a mixture 
(-55:45) of the title compounds; yield 73 mg (35%). 

iH NMR (400 MHz, CDa3) for l-benzyl-5-oxa-ci5-hexahydro- 
quinoline-2.6-dione only: d 2.72 (septet, IH); 3.63 (q, IH); 4.01 (d, IH); 
4.67 (m, IH); 5.37 (d, IH). 

Step P; l-Benzvl-5f6m-oxa-ri.v-hftyahvdro-qiiinn1inP-7-o^ ^ 

To a solution of the mixture of lactones from Step C (65 mg, 
0.251 mmol) in THF (1 mL) cooled to -78*C was added 
diisobutylaluminum hydride (l.OM solution in hexanes) (0.50 mL, 0.502 
mmol). After stining for 1 hour at -78 **C, the reaction was quenched by 
pouring into saturated ammonium chloride solution at 0 **C. The mixture 
was extracted with chloroform (2 x 25 noL) and the combined organic 
extracts dried (Na2S04). The crude lactol was treated with triethylsilane 
(41 mL, 0.258 nmiol) and boron trifluoride-etherate (23 mL, 0.189 mmol) 
in methylene chloride (1 mL) at -20 **C for 1 hour. Additional 
triethylsilane (27 mL) and boron trifluoride-etherate (21 mL) were added. 
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and the mixture was stirred overnight at room temperature. The mixture 
was diluted with methylene chloride, washed with saturated sodium 
bicarbonate solution, dried (Na2S04) and ev^>orated. Chromatography 
on silica gel (20% acetone/hexane) afforded the title compound as the 
faster-moving on TLC of the two products; yield 5.2 mg. 

iH NMR (400 MHz, CDCI3): d 1.77 (m, IH); 2.09 (m, 2H); 2.45 (dq, 
IH); 2.77 (septet. IH); 3.29 (m, IH); 3.51 (m, IH); 3.75 (m, IH); 3.88 
(m, IH); 4.1 1 (d. IH); 5.31 (d, IH); 7.21-7.32 (m. 5H). 

Mass spectrum: m/e 246 (M + 1). 

Step E: 5(6H>-Oxa-ri.v-hexahvdrt>-auino1i ne-(lHV2-one 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-ben2yl-5(6H)-oxa-cw- 
hexahydn>-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-cw- 
pyrano[4.3-b]pyridin-2-one. 

20 Step F; 2-Imillo-5(6H>-oxa-CLV-heTahvHr o-nHVquinn1ine hydrochloride 

The above compound is prepared from 5(6H)-oxa-cis- 
hexahydro-quinoline-(lH)-2-one following the procedures described in 
Steps £ and F of Example 1 16. 



25 



EXAMPT.F, ^M 
CHa 



NH HCI 



30 2-IminO-4-mCthv]-5r6HVoxa-gl.v-heTahvrlro-riHVqinnnHn.. 
hydrochloride 
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Step A: l-Benzvl-4-methv]-^ 4 fi.7-tetrahvdrrv pvrindin-2 S-r<innft 

A solution of 3-benzylamino-cyclopent-2-en-l-one (2.0 g, 
10.7 mmol) and diethyl ethylidenemalonate (2.5 mL, 13.7 mmol) was 
5 stirred for 5 days at 140 **C. The cooled mixture was evaporated, and the 
residue partitioned between ethyl acetate and brine solution. The organic 
layer was evaporated, and the crude product chromatographed on silica 
gel (25% acetone/hexane) to afford the title compound as an oil that 
solidified upon standing; yield 950 mg (35%). 

10 

iH NMR (400 MHz, CDCI3): d 1.1 1 (d, 3H); 2.42 (m, 2H); 2.53-2.65 
(m. 2H); 2.78 (dd, IH); 2.92 (m, IH); 4.79 (d, IH); 5.07 (d, IH); 7.18- 
7.37 (m. 5H). 

Mass spectrum: m/e 256 (M + 1). 

15 

Step B; l-Ben7v1-4-methvl-riv-h exahvdro-pvnndin-2.5-diotie 

The above compound is prepared in a similar fashion as 
Example 160, Step B, but substimting l-benzyl-4-methyl-3,4,6.7- 
20 tetrahydro-pyrindin-2,5-dione inplace of l-benzyl-3,4.6.7-tetrahydiD- 
pyrindin-2,5-dione. 

Step C; l-Ben7ry1-4-methvl-.5-oxa-rf.v-hexahvri m-auino1ine-2 ft-HinnP 
an<j l-t>gnZYl-4-mgthvl-6-Oxa-ri^-hexahvdm-qiii noline-2.5-dinnft 

25 

The above compound is prepared in a similar fashion as 
Example 160, Step C, but substimting l-ben2yl-4-methyl-cw-hexahydro- 
pyrindin-2.5-dione in place of l-benzyl-cw-hexahydro-pyrindin-2,5- 
dione. 

30 

Step P; l-BCTrYl-4-methvl-5r6m-oxa-ci.y-hexflhvrf r o-Quino1ine-?-nn^ 

The above compound is prepared in a similar fashion as 
Example 160, Step D, but substituting l-benzyl-4-methyl-5-oxa-ci5- 
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hexahydro-qumoIine-2,6-dione and l-benzyl-6-oxa-ci5-hexahydro- 
quinoline-2,5-dione in place of l-benzyl-5-oxa-cis-hexahydro-quinoline- 
2,6-dione and l-benzyl-6-oxa-cu-hexahydro-quinoline-2,5-dione. 

5 Step E: 4-M ethvl-5f6HV-oxa-cis-hexahvdro-Quinoline-f lHV2-one 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-benzyl-4-methyl-5(6H)-oxa-ci5- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyI-octahydro-ci5- 
10 pyrano[4,3-b]pyridin-2-one. 

Step F: 2-Imino-4^methvl-5r6m-oxa-cK-hexahvdro-f IHVquinoline 
hydrochloride 

15 The above compound is |n«pared from 4-methyl-5(6H)-oxa- 

cu-hexahydro-quinoline-(lH>2rone following the procedures described 
in Steps E and F of Example 1 16. 



20 



EXAMPLE 16? 



.2HCI 

H NH 



2-Iiiiino-decahvdro-trans- 1 .4-benzof e>diazepine dihvdrochloride 

25 Step A: and (-^ -cis-2-t-Butvloxvcaibonvlaminn- 
cvclohexanemethannl 

To a 60 mL ethanol solution of (+)-cis-2-benzylamino- 
cyclohexanemetfaanol (2 g. 9.1 mmol) was added^O.7 g of 10% Pd/C. 
30 This mixture was subjected to hydrogenolysis condition in a Parr shaker 
(H2, 50 psi) overnight. Then the catalyst was removed by suction 
filtration through a pad of Celite. The solvent was removed under 
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reduced pressure and the residue was dissolved in 60 mL of acetonitiile. 
To it was added 1 1 mL of IN NaOH and 2.39 g (1 1 mmol) of di-t-butyl 
dicarbonate. After stining overnight, the solvent was removed under 
reduced pressure. Resulting oil was chromatoghaphed on silica gel 
5 eluting with hexanes/EtO Ac to obtain 1 .98 g of (+) -cis-2-t- 
butyloxycarbonylamino-cyclohexanemethanol. (-) -cis-2-t- 
Butyloxycarbonylamino-cyclohexanemethanol was obtained in a similar 
fashion starting from (-)-cis-2-benzylamino-cyclohexanemethanol. 

10 iH-NMR (500 MHz. CDCI3): d 4.8(br s. IH). 4.2(br s, IH). 4.05(br s, 
IH), 3.4-3.2(m, 2H), 1.8-0.8(m, 17H). 

StepB: cis-2-tPutvloxvcaibonv1-aminocvclQhex anecafhoxaldehvriP 

To a 60 mL dry dichloromethane solution of dimetfaylsulfoxide 
(1.86 mL, 26.2 mmol) was added oxalyl chloride (1.14 mL, 13.0 mmol) 
with cooling in a dryice-acetone bath. After stirring for 15 min, a 
solution of I g (4.36 mmol) of (+) -2-t-butyloxycarobonylamino- 
cydohexanemethanol and (-) -2-t-butyloxycaibonylamino- 
cyclohexanemethanol (1 g, 4.36 mmol) in 30 mL of CH2C12 was added 
with a cannula. The internal temperature was maintained between -50 
and -60 oc for 35min and the reaction was quenched by addition of 4.86 
mL (34.8mmol) of Et3N . The cooling bath was removed and the 
reaction mixtijre was warmed up to room temperature. The solvent was 
removed under reduced pressure and the residue was diluted with EtOAc 
and water. The phases were separated and the aqueous phase was 
extracted twice witii smaU portions of EtOAc. The combined organic 
phases were dried over anhydrous Na2S04, ffltered, concentrated and 
chromatographed on sUca gel eluting with hexanes/EtOAc to obtain 2.0 g 
of the tide compound. 

iH-NMR (500 MHz, CDQs): d 9.71 (s, IH), 5.23 (br.s, IH), 3.98 (br s, 
IH), 2.7 (br s, IH), 2.0-1.2 (m., 17H). 
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StepC: cis/trans-2-t-Butvloxvcarfaonvlamino- 
cvclohexanecarboxaldehvde 

(+/-) -cis-2-t-Butyloxycarobonylamino- 
5 cyclohexanecaiboxaldehyde (2 g, 8.8 mmol) was dissolved in 100 mL of 
methanol. To it was added NaOMe/MeOH prepared from 10 mg sodium 
and 5 mL of diy methanol. This mixture was heated to reflux for 2 h then 
47mg of NH4C1 was added and the solvent was removed under reduced 
pressure. The residue was chromatoghaphed on silica gel eluting with 
10 hexanes/EtOAc to obtain 1 .7 g of the tide compound. The ratio of cis 
and trans isomers was determined to be 1 : 3.2 (cis/trans) by ^H-NMR. 

1H-NMR for (+/-) -trans-2-t-BuQrloxycarbonylamino- 
cyclohexanecarboxaldehyde (500 MHz, CDCI3): d 9.6 (s, IH). 4.5 (br s. 
15 IH). 3.8 (br.s. IH). 2.05-1.2 (m. 17H). 

Step D: N-(cis/trans-f2-t-Butvloxvcarbonv lamino-cvclohexvnmethvlV 
glycine methvl ester 

20 To a 75 mL dry methanol solution of (+/-) -cis/trans-2-t- 

butyloxycarbonylamino-cyclohexanecarboxaldehyde (1.7 g, 7.5 mmol) 
were added glycine metfaylester hydrochloride (1.13 g, 9 mmol) and 3 g 
of powedered molecular sieves (3 A). After stinring ovemi^t, a THF 
(50 mL) solution of 1.4 g (22.3 mmol) of sodiumcyanoborohydride was 

25 added. This mixture was stirred for 8 h and die solvent was removed 
under reduced pressure. The residue was suspended in EtOAc and was 
filtered through a pad of Celite. The filtrate was washed with sat. 
NaHC03, dried with anhydrous Na2S04, filtered, concetrated and 
chromatographed on silica gel eluting with hexanes/EtOAc followed by 

30 CH2C12/MeOH to obtain 600 mg of the desired compound. 

iH-NMR (500MH2, CDCI3): d 3.73 (s. 3H), 1.45 (s, 9H) otfier peaks 
could not be analyzed due to the broadning . 
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Mass Spectrum: m/e = 301 (M+1). 

Step E: N-(cis/trans-f2-amino-cvclohexvnmethvn-y1vrin ff methvl ester 

5 To a 1 0 mL EtO Ac solution of (+/-)-N-(cis/trans-(2-t- 

butyloxycarbonylainino-cyclohexyl)methyl)-glycine methyl ester (300 
mg, l.Oimnol) was added 10 mL of EtOAc saturated with anhydrous HCl 
gas. After stirring for 2 h, the solvent was removed under reduced 
pressure to give a white solid. This material was chromatographed on 
10 silica gel eluing with CHCl3:MeOH:NH40H (40: 10:1) to obtain 180 mg 
of the desired product. 

iH-NMR (500 MHz, CDQa): d 3.75 (s, 3H). 3.05-2.95 (m, 3H), 2.4-2.3 
(m,2H). 

15 

MassSpecttum: m/e = 201(M+1). 

StepF: 4-t-Butyloxvcaibonvl-octahvdro-l H-hen zofeVcis/transI 4- 
diazepine-2f^H^-onP 

20 

To a 10 mL absolute ethanol solution of (+/-)-N-(cis/trans-(2- 
aniino-cyclohexyl)methyI)-glycine methyl ester (180 mg. 0.90 mmol) 
was added 186 mg (1.35 mmol) of potassium carbonate. This slurry was 
heated to reflux overnight TLC analysis of the reaction indicated that 

25 the starting material disappeared and a product was formed. Then the 
solvent was removed under reduced pressure. Resuting material was 
dissolved in 10 mL of acetonitrile and 2 mL of water, to which was added 
254 mg (1.16 mmol) of di-t-butyldicarbonate. After strring overnight, 
acetonitrile was removed under reduced pressure and the residue was 

30 diluted with EtOAc and saturated ammonium chloride solution. The 
organic phase was separated and the aqueous phase was extracted with 
EtOAc. The combined organic phases were dried over anhydrous 
Na2S(D4, filtered, concentrated and chromatographed on silica gel eluting 
with CH2Cn2/MeOH to obtain 146 mg of the desired compound. 
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iH NMR (500 MHz, CDQs): d5.3 (br.s, 2H), 4.2-3.6 (br m, 4H), 3.05 
(br s, IH), 2.8 (br s, IH). 1.47 (s. 9H). 

5 Mass Spectnun: m/e = 269 (M+1). 

StepG: 4>t-Butvlox vcarbon vl-2-iinino-decahvdro- 1 H-benzof e Vtrans- 

10 This compounds were prepared following the procedure of 

EXAMPLE 43 Step E and F. The cis and trans isomers were separated 
by silica gel chromatography eluting with CHC13:MeOH:NH40H 
(40:5:1). 

1 5 iH-NMR (500 MHz, 0X33): d4.7 (m, IH), 4.2-3.6 (m, 5H), 3.05 (br s, 
IH), The rest of the spectum could not be analyzed due to line broadning. 

Mass Spectrum: m/e = 268 (M+1). 

20 Step H: 2-Imino-decah vdro-trans- 1 ■4-benzof eMiazepine 
dihvdrochloride 

Tide compound was prepared as described in Example 156 Step F. 
25 Mass Spectrum: ni/e-= 168(M-i-l). 
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WHATISrT.ATVnPny,<f. 

1. A compound of Fonnula I 

();'S 

'•/•N'H^R5 

R4 

5 I 

or a phannaceuticaUy acceptable salt theieof wherein: 
side a or side b has a double bond, 
nis 0, 1, 2,3or4 

X is selected from CH2. CR12R13. O. S(0)m. NH, and -N(Cl.6aIkyI)- 
10 mis 0.1 or 2, 

Rl, R2. R3. R12 and R13 arc each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl.i2aIkoxy, 

15 (c) Cl.i2aIkylS(0)k wherein k is 0. 1 or 2. 

(d) mono Ci-i2alkylamino, 

(e) (di-Ci-i2alkyl)amino, 

(f) Cl-i2aIkylcarbonyl, 

(g) Ci.i2alkyl, 
20 (h) C2.12alkenyl. 

(i) C2-12aIkynyl, 
0) C5-i0cycloalkyl. 

(k) hetero C5-10cycloalkyl, wherein the hetero Cs-iQcycloalkyl 
optionaUy contains 1 or 2 heteroatoms selected from S O 
25 andN. * 

G) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

( 1 ) benzimidazolyl, 

(2) benzofuranyl. 



30 
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(3) benzooxazolyl, 

(4) fiiranyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyiimidyl, 

(15) pyrrolyl. 

(17) isoquinolyl, 

(18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyl,and 

(22) triazolyl, 

(n) amino, 
(o) oxo, 
(p) C(0)OH. 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi.6alkyl. 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl. 

cyclohexyl or Cl-6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, Q, Br and I, 
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(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7, 
(r) hydroxy, 

or when two members of the group Rl, R2 and R3 including the 
5 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group R] , R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 

10 which they are attached there is formed a saturated or 

unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 

15 optional substituents present thereon, resides on an atom 

adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 

20 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N, O or S, 

widi the proviso that one of R12 and R13 are other than H, 
R4^ R5 and R5a are each independently selected firom the group 
25 consisting of 

(a) hydrogen, 

(b) linear and branched C 1 - 1 2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

30 (1) hydroxy, 

(2) carboxy, 

(3) .NR6R7, 

(4) -OR6. 

(5) -C(0)0R6, 
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(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, opdonaDy mono or di-substituted with 

hydroxy, halo, Ci^alkyl. or Ci-4alkoxy. 
5 (c) -C(0)NR8R9. where R8 and R9 are each independendy 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl. said Cl-6alkyl 
optionaUy substituted by 

(1) hydroxy, 

(2) amino, 
10 (3)carboxy. 

(4) -NRioRl 1 , wherein Ri 0 arid R 1 1 are each 

independently H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORia 

(6) -C(O)ORi0, 

15 (7) -S(O)mRl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aiyl and aiyl 

substituents are as defined above, 

(10) optionally substimted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero Cs-iQcycloalkyl wherein 
^5 hetero cycloalkyl and hetero cycloalkyl substituents 

are as defined above, 

(d) -C(S)NR8R9. 

(e) -C(0)R9, 

(f) -C(0)0R9, 
30 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 
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2. A compound according to claim 1 wherein 
n is 0, 1, 2, 3 or4» 

X is selected fix)m CH2. CRl2Rl3» O, S(0)m. NH. and -N(Ci-6alkyl)-, 
m is 0, 1 or 2, 

5 Rl, R2, R3, Rl2 and Rl3 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci.6alkoxy. 

(c) Ci-6alkylamino, 
10 (d) Ci-6alkylcarbonyl, 

(e) Ci-6alkyl. 

(f) C2-6alkenyl, 

(g) C2-6alkynyl, 

(h) C5, C6 or C7cycloalkyl, 

15 (i) hetero C5, C6 or C7cycloalkyl,wherein the hetero C5, C6 or 

CvcycloalkyI optionally contains 1 or 2 heteroatoms selected 
from S, O and N, 
0) aryl, selected from phenyl or naphthyU 
Qc) heteroaryl, wherein heteroaryl is selected from the group 
20 consisting of: 



(1) 


benzimidazolyl. 


(2) 


benzofiiranyl. 


(3) 


benzooxazolyl. 


(4) 


furanyl. 


(5) 


imidazolyl. 


(6) 


indolyl. 


(7) 


isooxazolyl. 


(8) 


isothiazolyl. 


(9) 


oxadiazolyl. 


(10) 


oxazolyl. 


(11) 


pyrazinyl. 


(12) 


pyrazolyl. 


(13) 


pyridyl. 


(14) 


pyrimidyl. 
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(15) 


DYrrolvL 


(16) 


quinolyl. 


(17) 


tetrazolyl. 


(18) 


tfaiadiazolyl. 


(19) 


thiazolyl. 


(20) 


thienyU and 


(21) 


triazolyl. 



(1) hydroxy, 

each of (b) to (k) being optionaUy mono or di- substituted 
10 the substituents being independently selected fronri 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. where R6 and R7 are selected from hydrogen, 

phenyl, cyclohexyl or Cl-6alkyl, 
15 (4)-OR6, 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from F, Q, Br and I, 

(8) -C(=NR6)-NHR7. 
20 (9)-S-C(=NR6)-NHR7. 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substituents present thereon, reside on 

25 adjacent atoms of Formula I, said two members may 

optionally be joined, such that together with the atoms to 
which they are attached there is fonned a samrated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 

30 atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents {nesent tfaoieon, resides on an atom 
adjacent to the N on wtuch R4 resides, said member may 
optionally be joined with R4, such diat together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N, O or S, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 ^d R5a are each independendy selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci .6alkyl, optionally mono or di- 
substituted, the substituents being independendy selected 
from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8R9, where Rg and R9 are each independendy 
hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Ci-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independendy H. Cl-4alkyl, phenyl or benzyl, 

(5) -ORio. 

(6) -C(O)ORi0. 

(7) -S(O)niRl0» where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionaUy substituted aryl wherein aryl andaiyl 

substituents are as defined above. 
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(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as de&ied above, 

(11) optionally substituted C5, C6 or Crcycloalkyl wherein 

cycloalkyl and cycloalkyi substituents are as defined 
5 above, 

(12) optionaUy substituted hetero C5, C6 or C7cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 
(d) -C(S)NR8R9, 
10 (e) -C(0)R9, 

(f) -C(0)0R9. 

(g) -C(S)R9. 

(h) phenyl, 

(i) cydohexyl, 

15 such that R4 is present only when side a is a single bond and side b is a 
double bond. 

3. A compound according to claim 2 wherein 
nisO, 1.2. 3or4 
20 X is selected from CH2. CR12R13. 0, NH and -N(C l-4alkyl)-, 

Rlt R2. R3> R12 and R13 are each independendy selected from tfie group 
consisting of 

(a) hydrogen, 

(b) Ci.6alkoxy, 

25 (c) Ci.6aIkylamino. 

(d) Cl.6alkylcarbonyl, 

(e) Cl-6alkyl. 

(f) C2-6alkenyl, 

(g) C5, C6 or C7cycloaIkyl. 

30 (h) hetero C5 or Cs cycloalkyl,wherein the hetero C5 or C6 

cycloalkyl optionally contains 1 heteroatom selected from S, 
O and N, 

(i) aryl. selected from i^enyl or naphthyl. 
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(j) heteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 



(1) 


fiiranyl. 


(2) 


pyrazinyl. 


(3) 


pyrazolyl, 


(4) 


pyridyl. 


(5) 


pyrimidyl. 


(6) 


tfaiazolyl. 


(7) 


thienyl, and 


(8) 


triazolyl. 



(k) hydroxy, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or C 1 -4alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0. 1 or 2, 

(7) halo selected from F, CI. Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7. 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl, R2 and R3, 
including the optional substiments present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionaUy containing up to three hetero 
atoms selected from N, O or S, 
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or when a member of the group Rl , R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4» such tiiat together with die N 
5 on which R4 resides and the carbon on which said member 

resides diere is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to Aree hetero atoms selected from 
N, OorS. 

10 with the proviso that one ofRl2 and Rl3 is other than hydrogen, 
R4, R5 and RSa are each independently selected from the group 

consisting of 

(a) hydrogen, 

(b) linear and branched Ci-6alkyl. optionally mono or di- 
15 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. 
20 (4) -OR6. 

(5) -C(0)OR6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8R9. where Rg and R9 are each independently 
25 hydrogen, phenyl, cyclohexyl or Ci-4alkyl. said Cl.4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

30 (4) -NRi(^i 1, wherein RlQ and Rl 1 are each 

independently H, Cl-4alkyl, phenyl or benzyl, 

(5) -ORia 

(6) -C(O)ORi0. 

(7) -S(O)niRl0. where m is 1 or 2, 
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(8) halo selected from F, CI. Br and I, 

(9) optionally substituted aiyl wherein aryl and aiyl 

substituents are as defined above, 

(10) optionally substituted heteroaiyl wherein heteroaiyl and 
5 heteroaiyl substituents are as defined above, 

(11) optionally substituted C5 or C6 cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 
^9 wherein hetero cycloalkyl and hetero cycloalkyl 

substituents are as defined above. 



15 



such tiiat R4 is present only when side a is a single bond and side b is a 
double bond. 

20 

4. A compound according to C3aim 3 wherein 
nisO, 1,2 or 3, 

X is selected from CR12R13, NH and -N(Ci.4alkyl>, 
Rl. R2. R3. R12 and R13 are each independently selected from the group 
25 consisting of 

(a) hydrogen, 

(b) Ci-4alkoxy, 

(c) Ci.4alkylanmio. 

(d) Ci.4alkylcaibonyl, 

30 (e) linear and branched Cl.4alkyl, 

(f) hydroxy, 

each of (b) to (e) being optionally mono or di- substimted 
the substituents being independently selected from 
(1) hydroxy. 



(d) 


-C(S)NR8R9. 


(c) 


-C(0)R9. 


(0 


-C(0)0R9, 


(g) 


-C(S)R9. 


(h) 


phenyl. 


(i) 


cyclohexyl. 



W 96/14844 



PCT/US95n4812 



- 245 - 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci-salkyU 

(4) -OR6, 

5 (5)-C(0)OR6. 

(6) -S(0)kR6. where k is 0, 1 or 2. 

(7) halo selected from F, O. Br and I. 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present diereon, reside on the same 

10 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such diat together with the atoms to 
which they are attached there is formed a saturated or 

15 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri , R2 and R3 including ihe 
optional substituents present thereon, resides on an atom 

20 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such tfiat together widi the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

25 optionally containing up to three hetero atoms selected from 

N. O or S, 

with the proviso that one of Ri2 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 
30 (a) hydrogen, 

(b) -C(0)NRgR9, where Rg and R9 are each independently 

hydrogen or Ci-salkyl, said Ci-salkyl optionally substimted 
by 

(1) hydroxy. 
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(2) amino, 

(3) caiboxy, 

(4) -NRloRi 1, wherein RlO and Ri i are each 

independently H or Cl-3alkyl. 
5 (5).ORio. 

(6) -G(0)0Ria 

(7) -S(O)mRl0» where m is 0, 1 or 2, 

(8) halo selected from F. CI, Br and I, 
(c) -C(S)NR8R9, 

10 (d) -C(0)R9. 

(e) -C(0)0R9, 

(f) -C(S)R9. 

(g) -C(S)HR9. 

(h) -Cl-4alkyl; and 
15 Ri3 is hydrogen. 

5. A compoimd according to Claim 4 wherein 

n is 0, 1. 2 or 3, 
20 X is selected from CR12R13. NH and -N(Ci-4alkyl)-, 

Rl. R2, R3»Rl2 and R13 are each independendy selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl-4alkoxy. 

25 (c) Ci-4alkylamino. 

(d) Ci-4aIkylcarbonyl, 

(e) linear and branched Ci-4alkyl, 

(f) hydroxy, 

each of (b) to (e) being optionally mono or di- substituted 
30 the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independ ntiy 

hydrogen or Ci.3alkyl, 
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(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0. 1 or 2. 

(7) halo selected from F» CI, Br and I, 
5 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-Salkyl, 
said ClOalkyI optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein RlO and Rl ] are each 

independently Ci-3alkyl, 

(5) -ORiO. 

15 (6) -C(O)ORi0. 

(7) -S(O)mRl0. where m is 1 or 2. 

(8) halo selected from F, CI, Br and I. 

(c) -C(S)NHR9; 

(d) -Cl-4alkyl. 

20 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9. 

(d) -Ci.4alkyl, and 

25 RSa and Rl 3 are each hydrogen. 

6. A compound of Fonnula I according to Claim 1 



30 



R4 R53 
I 
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or phannaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
n is 0, 1,2, 3 or 4 

X is selected from CH2. 0, S(0)m and NH. 
5 Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) Ci.i2alkoxy. 

(c) Cl-i2alkylS(0)k wherein k is 0, 1 or 2, 
10 (d) mono Cl.l2aIkylamino, 

(e) (di-C 1 - 1 2alkyl)amino, 

(f) Cl.i2aIkylcarbonyl, 

(g) Cl.l2alkyl, 

(h) C2-12alkenyl, 
15 (i) C2.12alkynyl. 

(j) C5-10cycloalkyl, 

(k) hetero CS-lQcycloalkyl, wherein the hetero CS-lQcycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

20 0) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 





(1) 


benzimidazolyl. 




(2) 


benzofriranyl. 


25 


(3) 


benzooxazolyl. 




<4) 


friranyl. 




(5) 


imidazolyl. 




(6) 


indolyl. 




(7) 


isooxazolyl. 


30 


(8) 


isothiazolyl. 




(9) 


oxadiazolyl. 




(10) 


oxazolyl. 




(11) 


pyrazinyl. 




(12) 


pyrazolyl. 
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(13) 




(14) 


DvriniidvL 

****** *^ 


(15) 


ovrrolvl 


(17) 


isoquinolyl. 


(18) 


tetrazolyl. 


(19) 


tfaiadiazolyl. 


(20) 


tfaiazolyl, 


(21) 


thienyl, and 


(22) 


tiiazolylt 



10 (n) amino, 

(o) oxo, 
(p) C(0)OH, 

(q) C(0)0R6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6aIkyl, 

15 each of (b) to (m) being optionally mono or di- substituted 

die substiments being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 
20 cyclohexyl or Ci-6allcyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I. 
25 (8)-C(=rNR6)-NHR7. 

(9)-S-C(=NR6)-NHR7, 
or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
30 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached diere is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present diereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4> such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to three hetero atoms selected from 

N, O or S, 

R4. R5 and R5a are each independendy selected from the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched Ci-i2alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3) .NR6R7. 

(4) -OR6, 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F. CI, Br and I, 

25 (8) phenyl. optionaUy mono or di-substimted with 

hydroxy, halo, Ci^alkyl. or Ci-4alkoxy, 
(c) -C(0)NR8R9, where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci.6alkyl, said Ci-6alkyl 
optionally substimted by 
30 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein Rio and Ri 1 arc each 

independendy H, Ci.6alkyl. phenyl or benzyl. 
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(5) -ORlO. 

(6) .C(O)ORl0. 

(7) -S(O)inRl0. where m is 0, 1 or 2. 

(8) halo selected from F, CI, Br and I, 

5 (9) optionaUy substituted aiyl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteioaryl substituents are as defined above, 

(11) optionally substituted C5- 1 Ocycloalkyl wherein 

10 cycloalkyi and cycloalkyl substituents are as defined 

above, 

(12) optionally substituted hetero C5-I Ocycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 
15 (d) -C(S)NR8R9, 

(e) -C(0)R9. 

(f) -C(0)0R9. 

(g) -C(S)R9. 

(h) phenyl, 

20 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

7. A compound according to Claim 6 wherein 
25 n is 0, 1,2. 3 or 4, 

X is selected from CH2, 0, S and NH, 

Rl , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogm, 
30 (b) Cl.6alkoxy. 

(c) Ci.6alkylamino, 

(d) Ci-6alkylcaibonyl, 

(e) Ci-6alkyl. 

(f) C2.6alkenyl, 
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(g) C5, C6 or C7cycloalkyl. 

(h) hetero C5 or C6 cycloalkyUwherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from 
O and N, 

(i) aryl, selected from phenyl or naphtfayl, 

(j) heteroaryl, wherein heteroaiyl is selected from the group 
consisting of: 



(1) 


fiiranyl. 


(2) 


pyrazinyl. 


(3) 


pyrazolyl. 


(4) 


pyridyl. 


(5) 


pyrimidyl. 


(6) 


thiazolyl. 


(7) 


thienyl, and 


(8) 


triazolyl. 



each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carlx>xy, 

(3) -NR6R7, where R6 and R7 are each independentiy 

hydrogen, phenyl or Cl.4a]kyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. where k is 0. 1 or 2, 

(7) halo selected from F, CI, Br and I. 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
including tiie optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which tiiey are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a membo* of the group Rl, R2 and R3 including the 
optional substituents present thoeon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic beterocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to three hetero atoms selected from 

N; O or S, 

R4, R5 and R5a are each independently selected firom the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched Cl-6alkyl, optionally mono or di- 

substituted, die substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3) -NR6R7. 

(4) -OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. where k is 0. 1 or 2, 

(7) halo selected from F, Q. Br and I, 

25 (c) -C(0)NR8R9> where Rg and R9 are each independently 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Cl-4alkyl 
optionally substimted by 

(1) hydroxy, 

(2) amino, 
30 (3) carboxy, 

(4) -NRioRll, wherein Rio and Rn are each 

independently H, Cl-4alkyl, phenyl or benzyl, 

(5) -ORlO, 

(6) -C(O)ORi0. 
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(7) -S(O)mRl0. where m is 0. 1 or 2, 

(8) halo selected from F, d, Br and I, 

(9 optionally substituted aryl wherein the aiyl and 
substituents are as defined above, 
5 (10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 

(1 1) optionally substituted C5 or Ce cycloalkyi wherein the 

cycloalkyl and substituents are as defined above. 

(12) optionally substituted hetero C5 or Ce cycloalkyl 

10 wherein the hetero cycloalkyl and substituents are as 

defined above. 



15 



(d) 


-C(S)NR8R9, 


(e) 


-C(0)R9, 


(f) 


-C(0)0R9. 


(g) 


-C(S)R9. 


(h) 


phenyl. 


(i) 


cyclohexyl. 



20 



25 



such that R4 is present only when side a is a single bond and side b is a 
double bond. 

8. A compound according to Claim 6 of the formula 

or R4 

wherein 

n is 0,1 or 2. 

9. A compound according to Claim 8 wherein 
n is 0, 1 or 2, 

X is selected from CH2 and NH, 
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Rl , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Cl-6alkyl. wherein said Ci-6alkyl 

5 is optionaUy mono or di- substituted the substituents being 

independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independendy 

hydrogen or Cl.3alkyl» 
10 (3) -OR6, 

(4) -C(0)0R6. 

(5) -S(0)kR6. where k is 0. 1 or 2, 

(c) hydroxy, 

(d) Cl.6alkoxy; 

15 R4 is selected from the group consisting of 
(a) hydrogen, 

G>) -C(0)NHR9, where R9 is hydrogen or C l-3allcyl. said Cl . 
Salkyl optionally substituted by 
(1) hydroxy, 
20 (2) amino, 

(3) caiboxy, 

(4) -NRioRi 1, wherein RiQ and Ri 1 are each 

independendy Ci-Salkyl, 

(5) -ORiO. 

25 (6)-C(O)ORi0. 

(7) -S(O)mRl0. where m is 0. 1 or 2. 

(8) halo selected from F, Cl, Br and I, 

(c) -C(S)NHR9; 

(d) Ci-salkyl; 

30 R5 are each independendy selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9. 

(d) -Ci-3allcyl. 
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10. A compound according to Claim 9 of the formulae 




5 wherein 

X is selected from CH2, NH and S, 

Rl. R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

10 (b) linear and branched Cl-6alkyl. wherein said Cl-6alkyl 

is optionally mono or di- substimted the substituents being 
independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R? are each independently 
15 hydrogen or Cl-Salkyl, 

(3) -OR6. 

(4) -C(0)0R6, 

(5) -S(0)kR6, where k is 0. 1 or 2. 
(c) hydroxy, 

20 (d) Cl.6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or Ci.3alkyl, said Ci- 
3alkyl optionally substituted by 

25 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRlQRi 1, wherein Rio and Ri 1 are each 

independendy Cl-Balkyl, 
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(5) -ORlO. 

(6) -C(O)ORl0. 

(7) -S(O)mRl0» where m is 0. 1 or 2, 

(8) halo selected firoin F, Q. Br and I. 
5 (c) -C(S)NHR9; 

(d) Ci-salkyl; 
R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. 
10 (c) -C(S)NR8R9- 

(d) -Cl-3alkyl. 



1 1 . A compound according to Claim 10 wherein 

X is CH2, 

15 R 1 , R2 and R3 are each independently is selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C 1 .6aU^l* said C 1 -633ky\ 

being optionaUy mono or di- substituted the substituents 
20 being independently selected from 

(1) carfooxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 

hydrogen or C 1 -3all^l, 

(3) -C(0)R6* and 

25 (4) -S(0)kR6. where k is 1 cir 2, 

(c) hydroxy, 

(d) Cl-6alkoxy; 

R4 is selected from the group consisting of 
(a) hydrogen, 
30 (b) Ci-3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 ^alky 1, said 
Ci-4alkyl optionally substituted by 
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(1) hydroxy, 

(2) amino. 

(3) caiboxy, 

(4) -NRioRi 1, wherein RlO and Ri i are each 
independently 

Cl-3alkyl. 

(5) -ORio. 

(6) -C(O)ORl0. 

(7) -SRio, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
-C(S)NR8R9. 
Ci-salkyl. 

12. A compound according to Oaim 1 1 
Xis CH2, 

Rl and R2 are each selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-6alkyl, said 
20 Cl-6alkyl 

being optionally mono or di- substimted the substiments 
being ind^ndendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 
25 hydrogen or C l -Balkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2. 
R3 is linear and branched Cl-4a]kyl, 

R4 is selected from the group consisting of 
30 (a) hydrogen, 

(b) Cl.3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci -4alkyl, said 



10 



(c) 
(d) 



15 

wherein 
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Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) caiboxy, 

5 (4) -NRioRl 1. wherein RlO and R 1 1 are each 

independently 
Ci-salkyl, 

(5) -ORia 

(6) -C(O)ORi0. 
10 (7) -SR 10, and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, Q, Br and I, 

(c) -C(S)NR8R9. 

(d) Ci-salkyl. 

15 

13. Acompound according to Qaim 10 wherein 

Xis -N-, 

Rl, R2 and R3 are each independendy is selected from the group 
consisting of 
20 (a) hydrogen, 

(b) linear and branched C 1 -6alkyl, said C l -6alkyl 

being optionally mono or di- substituted the substituents 

being independently selected from 
(1) caiboxy, 

25 (2) -NHR7. wherein R6 and R? are each independently 

hydrogen or Cl-3alkyl, 

(3) -C(0)OR6. and 

(4) -S(0)kR6> where k is 1 or 2. 

(c) hydroxy, 
30 (d) Ci-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl.3alkyl; 

R5 is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci~4.alkyl, said 
Cl-4alkyl optionaUy substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRioRll, wherein RioandRii are each 

independently 
Ci-salkyl, 
10 (5) -ORlo. 

(6) -C(O)ORl0. 

(7) -SRlo, and 

(8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NHR9. 

(d) Ci-salkyl. 

14. A compound according to Claim 13 

20 wherein 
X is -N-. 

Rl and R2 are each selected fh>m 

hydrogen, hydroxy or linear and branched C 1 -4alkyl, said 
Cl.4alkyl 

25 being optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-Salkyl, 
30 (3)-C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 
R3 is methyl, 

R4 is selected from the group consisting of 
(a) hydrogen. 
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(b) Ci-salkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or d 1 ^aUcyl, said 
5 Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRi(^i 1 , wherein RiO and Ri i are each 
10 independendy 

Ci-sallcyl, 

(5) -ORio. 

(6) -C(O)ORl0. 

(7) -SRio. and 

15 (8) -S(O)mRl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNHR9. 

(d) Ci-aalkyL 

15. Acompound according to Claim 10 wherein 

Xis S, 

Rl and R2 are each independendy is selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Ci.6alkyl, said Ci.6a]kyl 
being optionally mono or di- substimted die subsdments 

being indqiendendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independendy 
hydrogen or Cl-Salkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 

(c) hydroxy, 

(d) Cl-6aIkoxy; 



20 



25 



30 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 
5 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C i -^alkyl, said 
Cl-4a]kyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri l are each 

independently 
Ci-aalkyl. 

(5) -ORio, 

15 (6) -C(O)ORi0. 

(7) -SRio. and 

(8) -S(O)mRl0. where m is 1 or 2. 

(9) halo selected from F, CI, Br and I. 

(c) -C(S)NHR9. 
20 (d) Ci.3alkyl. 

16. A compound according to Claim 15 

wherein 
25 Xis S. 

Rl and R2 are each independently selected from 

hydrogen, hydroxy or linear and branched Ci-6alkyl, said 
Ci-6alkyl 

being optionally mono or di- substituted the substiments 
30 being independendy selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-Salkyl, 

(3) -C(0)OR6, and 
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(4) -S(0)kR6. where k is 1 or 2. 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

5 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or C l -4alkyl. said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino. 

(3) carboxy, 

(4) -NRlC^l 1, wherein Rio and Ri i are each 

independendy 
Ci-3alkyl. 
15 (5) -ORio. 

(6) -C(O)ORi0. 

(7) -SRio.and 

(8) -S(O)mRl0. where m is 1 or 2, 

(9) halo selected from F, Q, Br and I, 
20 (c) -CSNHR9. 

(d) Ci.3alkyl. 

17. A compound according to Claim 6 of the formulae 
Rsa or Rsa 

25 wherein p is 0, 1 or 2; and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substimted with substituents selected from the group consisting of 
(1) hydroxy. 
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(2) caiboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Ci.6alkyl, 

(4) -OR6. 

(5) -C(0)0R6. 

(6) -S(0)kR6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7. 

(9) -S-C(=NR6)-NHR7. 

18. A compound according to Claim 17 having cis 
stereochemistry at the ring junction, said compound having the formula 




wherein p is 1 or 2, and 
15 R3 and the ring formed by die joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 

(1) hydroxy, 

(2) caiboxy, 

(3) -NR6R7. where R6 and R7 are each selected from 
20 hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6. 

(5) -C(0)0R6, 

(6) -S(0)kR6. 

(7) halo selected from F, CI. Br and I. 
25 (8) -C(=NR6)-NHR7. 

(9>S-C(=NR6)-NHR7. 

19. A compound according to Claim 18 wherein 
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R3 is selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 

Cl.4a]kyl, 

opdonaUy mono or di- substituted the substituents being 
5 indq>endently selected firom 

(1) caiboxy, 

(2) -NHR7, wherein R6 and R? are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)OR6. and 

10 (4) -S(0)kR6. where k is 1 or 2; 

R4 is selected firom the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 

15 (a) hydrogen. 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
Ci-4a]kyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
20 (3) carboxy. 

(4) -NRl(^l 1, wherein RlO and Rl 1 are each 

indQ>endently 
Cl-salkyl. 

(5) -ORia 

25 (6)-C(O)ORl0. 

(7) -SRlO, and 

(8) -S(O)mRl0> where m is 1 or 2, 

(9) halo selected from F, O, Br and I, 

(c) -C(S)NR8R9. 
30 (d) Ci-3alkyl. 

20. A compound of Claim 1 selected from 

(aa) l-Aza-2-imino-cyclopentane hydrochloiide, 

(ab) l-Aza-2-imino-3-mediylcyclopentane hydrochloride. 
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(ac) l-Aza-2-imino-5-metfaylcycIopentane hydrochloride, 

(ad) l-Aza-2-methylamino-l-cyclopentene hydrochloride, 

(ae) l-Aza-2-ediylammo-l-cyclopentene hydrochloride, 

(af) l-Aza-2-beiizylaiiiino-l-cycIopentene hydrochloride. 
5 (ag) l-Aza-2-cyclohexylaimno-l-cyclopentene 

hydrochloride, 

(ah) 1 -Aza-2-methoxycarfoonylmethylamino- 1 -cyclopentene 

hydrochloride, 

(ai) l-Aza-2-((3,4-dihydroxyphenyl)ethyl)amino-l- 
10 cyclopentene hydrochloride, 

(aj) l-Aza-2,2-dimethylaimno-l -cyclopentene 

hydrochloride, 
(ak) 2-Immopiperidine hydrochloride, 
(al) l-Aza-2-methylamino-l-cyclohexene hydrochloride, 
1^ (a™) l-Aza-2-ethylamino-l-cyclohexene hydrochloride, 

(an) l-Aza-2-dimethylammo-l-cyclohexene hydrochloride, 
(ao) 2-Imino-3-methylpiperidine hydrochloride, 
(ap) 2-Imino-4-methylpiperidine hydrochloride, 
(aq) 2-Iniino-4-propylpiperidine hydrochloride, 

20 (ar) 2-Imino-4-benzylpiperidine hydrochloride, 

(as) 2-Immo-5-methylpiperidine hydrochloride, 
(at) 2-Imino-5,5-dimethylpiperidine hydrochloride, 
(au) 2-Imino-3,5-dimethyipiperidine hydrochloride, 
(av) l-Aza-2-miinocycloheptane hydrochloride, 

2^ <*w) l-Aza-2-methylamino-l-cycloheptene hydrochloride, 

(ax) l-A2a-2-ethylamino.l-cycloheptene hydrochloride, 
(ay) 1 -Aza-2-dimethylaniino- 1 -cydoheptene hydrochloride, 
(az) l-Aza-2-benzylaniino-l-cycloheptene hydrochloride, 
(bb) 1 -A2a-2-cyclohexylaniino-l -cydoheptene 

30 hydrochloride, 

(be) l-Aza-2-iminocyclooctane hydrochloride, 

(bd) l-Aza-2-methylamino-l-cyclooctene hydrochloride, 

(be) l-A2a-2- thylamino-l-cyclooctene hydrochloride, 

(bf) l-A2a-2-benzylamino-l-cyclooctene hydrochloride. 
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(bg) l-A2a-2-methylaimno-l-cyclononene hydrochloride, 

(bh) 3,4-Dihydro-2-aimnoquinoline hydrochloride, 

(bi) 3,4-I>ihydro-2-methylaiiiinoquinoline hydrochloride, 
(bj) 3,4-Dihydro-2-ethylaimnoqumoline hydrochloride, 

5 (bk) 3,4-Dihydro-2-benzylammoqumoline hydrochloride, 

0)1) 3,4-Dihydro-2-cyclohexylaimnoquinoline 

hydrochloride, 
(bm) 3,4-Dihydro-2-dimethylaminoqumoline 

hydrochloride, 

10 (bn) 4-Ethoxycaibonyl-2-imino-piperazine hydrochloride, 

(bo) 5-(S)-2-Imino-l-aza-bicyclo(3.3.0)octane, 
(bp) 2-Iinino-l-aza-bicyclo(4.3.0)nonane, 
(bq) cLS-4,6-Dimethyl-2-iniino-piperidine, acetic acid salt, 
(br) 2-Iniino-4-metfayl-piperidine, acetic acid salt, 

15 (bs) 6-Ethyl^2-imino-4-methyl-piperidine, acetic acid salt, 

(bt) 4-Iniino-5-cis-methyl-3-azabicyclo [4.3.0] nonane, 
hydrochloride, 

(bu) cij-5-Aminomethyl-4,6-dimethyl-2-imino-piperidine, 
dihydrochloride, 
20 (bv) cw-3-Elhyl-2-iimno-4-methyl-piperidine, 

hydrochloride, 
(bw) cu-2-Iinino-4-methyl-3-n-propyl-piperidine, 

hydrochloride, 
(bx) cis and m2n5-2-Iimno-4-methyl-piperidine-5- 
25 carboxylic acid, acetic acid salt, 

(by) cis and /ranj2-Imino-4-metiiyl-piperidine-5-caiboxylic 

acid, methyl ester, acetic acid salt, 
(bz) cis and rranj5-Acetaniidomethyl-2-iniino-4-methyl- 
piperidine, acetic acid salt, 
30 (cc) 2-Iniino-5-n-propyloxy-piperidine, acetic acid salt, 

(cd) cis and mzn55-Acetamido-2-iinino-4-methyI- 

piperidine, acetic acid salt, 

(ce) 5-Cyclohexyl-2-imino-piperidine, acetic acid salt. 
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(cO cis and rraiiy5-Cyclohexyl-2-imino-4-metiiyl- 

piperidine, acetic acid salt, 
(eg) 2-Iziiino-5-tiifluoro-piperidine, 

(ch) 2-Imino-5-ethyl-4-metfaylpyiTolidine hydrochloride, 

(ci) 2-Imino-4-metfaylpyiroIidine hydrochloride, 
(cj) 2-Imino-4-ethylpyiTolidine hydrochloride, 

(ck) 2-Iiiiino-4,5-dimetfaylpyiTolidine hydrochloride, 
(cl) 2-Imino-4-metfayl-S-piopylpyiToIidine hydrochloride, 
(cm) 2-Iinino-S-iiiediyI-4-propylpyrTolidine hydrochloride, 
(cn) 2-Iiiiino-5-ethyl-4-propylpyiTolidine hydrochloride 
(co) 2-Iinino-S-ethyl-3-methylpyiTolidine hydrochloride, 
(cp) 2-Iinino-5,S-dimethylpyiiolidine hydrochloride, 
(cq) 2-Imino-3,5,5-trimethylpynoIidine hydrochloride 
(cr) 2-Iiiiino-4-ethyl-5-methylpyiTiolidine hydrochloride, 
(cs) 2-Iiiiino-4-pFopylpynolidine hydrochloride, 
(ct) 2-Iiniiio-4-(2-methyl-ethyl)pyiTolidine hydrochloride, 
(cu) 2-Iniino-4-phenylpym>lidine hydrochloride, 
(cv) 2-Imino-3,4-dimethylpyrrolidine hydrochloride, 
(cw) 2-Imino-4-ediyl-3-methylpyrrolidiiie hydrochloride, 
(cx) 2-Iimno-5-methyl-4-piDpylpyirolidine hydrochloride, 
(cy) 2-Iiiiino-3-azabicyclo(4.3.0)noiiane hydrochloride, 
(cz) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 

(dd) 2-Iiiiino-3-methylpyiTolidine hydrochloride, 

(de) 2-Iiiiino-5-methylpyiiolidine hydrochloride, 

(df) 2-Iiiiino-5-(S)-acetyloxymethylpyiTolidine 

hydrochloride, 

(dg) 2-Imino-5-(R)-acetyloxymethylpyrrolidine 

hydrochloride, 

(dh) 2-Iiiiino-S-(S)-hydroxymethylpyrrolidine 

hydrochloride, 

(di) 2-Imino-5-(R)-hydroxymethylpynolidine 

hydrochloride, 

(dj) 2-Imino-4(S)-methoxy-5(S)-methyl-piperidine, 
hydrochloride. 



PCT/US95/14812 



. 269 - 

(dk) 2-Immo-5(S)-hydroxy-4(S)-methyl-piperidine, 
hydrochloride, 

(dl) 4(S),5(R)-Dimethyl-2-imino-piperidme hydrochloride, 
(dm) 4(R),5(S)-I>unethyl-2-iimno-piperidine hydrochloride, 
(dn) 4(S),5(S)-Dimethyl-2-immo-piperidiiie hydrochloride, 
(do) 4(R),5(R)-Dimethyl-2-imino-piperidine hydrochloride, 
(dp) c/5-Decahydro-2-iminoqumolme hydrochloride, 
(dr) cw-2-Immo-4-me±yl-decahydroquinoline 

hydrochloride, 
(ds) trans-Decahydro-2-iminoquinoline hydrochloride, 
(dt) 4(R)-Methyl-2-iminopiperidine hydrochloride, 
(du) 4(S)-Methyl-2-iminopiperidme hydrochloride, 
(dv) 5(R)-Methyl-2-iminopiperidine hydrochloride, 
(dw) 5(S)-Methyl-2-iminopiperidine hydrochloride, 
(dx) 3-Iminothiomorpholine hydrochloride, 
(dy) 2-Iininopiperazine hydrochloride, 
(dz) 2-Imino-decahydro-ci5-qumoxaline, and 
(ee) 2-Iiiiino-decahydro-trans-qiiinoxaline. 

2L A compound of Claim 1 selected from 

(aa) 2-Imino-4-methylpyrrolidine hydrochloride, 

(ab) 2-Inimo-4-efliylpyiTolidine hydrochloride, 

(ac) 2-Imino-4,5-dimetfaylpyrrolidine hydrochloride, 

(ad) 2-Iniino-4*methyl-5-propylpyrrolidiine hydrochloride, 

(ae) 2-Iniino-5-metfiyl-4-propylpyrrolidine hydrochloride, 

(af) 2-Imino-5-ethyl-4-propylpyrrolidme hydrochloride, 

(ag) 2-Immo-5-efliyl-3-methylpyrrolidine hydrochloride, 

(ah) 2-Imino-5,S-dimethylpyiTolidine hydrochloride, 

(ai) 2-Imino-3,S,S-tiimethylpyriolidine hydrochloride, 
(aj) 2-Immo-4-ethyl-5-methylpyrTolidine hydrochloride, 
(ak) 2-Imino-4-prqpylpyrrolidine hydrochloride, 

(al) 2-Immo-4*(2-methyl*ethyl)pynolidme hydrochloride, 
(am) 2-Immo-4-phenylpyrrolidine hydrochloride, 
(an) 2-Imino-3,4-dimethylpyrTolidine hydrochloride, 
(ao) 2-Immo-4-ethyl-3-methylpyrTolidine hydrochloride. 
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(ap) 2-Imino-5-methyl-4-propylpyirolidine hydrochloride, 
(aq) 2-Immo-3-azabicyclo(4.3.0)noiiane hydrochloride, 
(ar) 2-Inimo-3-azabicyclo(3.3.0)octane hydrochloride, 
(as) 2-Immo-3-metbylpyirolidine hydrochloride, 
5 (at) 2-Immo-5-methylpym>lidine hydrochloride, 

(au) 2-Iinino-5-(S)^acetyloxymethylpyiTolidine 
hydrochloride, 

(av) 2-Immo-5-(R)-acetyloxymethylpyirolidine 
hydrochloride, 

^0 (aw) 2-Imino-5-(S)-hydroxymethylpym>lidine 

hydrochloride, 

(ax) 2-Immo-S-(R)-hydroxymethylpym>lidine 
hydrochloride, 

(ay) 5-Ethyl-2-iinmo-4-methyl-piperidine, acetic acid salt, 

(az) 2-Iimno-4-methyl-5-(l-pentyl)-piperidine, acetic acid 
salt, 

(bb) 4(R)-Methyl-2-iininopiperidine hydrochloride, 

(be) 4(S)-Methyl-2-iniinopiperidine hydrochloride, 
(bd) 5(R)-Methyl-2-iminopiperidine hydrochloride, 
0>e) 5(S)-Methyl-2-iimnopiperidine hydrochloride, 

(bf) 4(S),5(R)-Dimethyl-2-iinino-piperidine hydrochloride, 

(bg) 4(R),5(S)-Dimethyl-2-iimno-piperidine hydrochloride. 

(bh) 4(S),5(S)-Dimethyl-2-iimno-piperidine hydrochloride, 

(bi) 4(R),5(R)-I>imethyl-2-iiimio-piperidine hydrochloride, 
0>j) 2-Imino-5(S)-methoxy-4(S>methyl-piperidine 
hydrochloride, 

(bk) 2-Imino-5(S)-hydroxy-4(S)-methyl-piperidine 
hydrochloride, 

(bl) 2-Imino-5(S)-methoxy-4(R)-methyl-piperidine 
30 hydrochloride, 

(bm) 2-Imino-5(S)-hydroxy-4(R)-methyl-piperidine 
hydrochloride, 

(bn) 2-Iniino-5(S)-acetyloxy-4(R)-methyl-piperidine 
hydrochloride. 
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(bo) 2-Imino-3(S),4(R)-0-isopropylidene-5(R)-acetyloxy- 
pip>eridme hydrochloride, 

(bp) 2-Imino-3(S),4(R),5(R)-triacetyloxy-piperidine 
hydrochloride. 

5 (bq) ci5>Decahydro-2-iminoqiiinoIme hydrochloride, 

(br) mwi5-Decahydro-2-immoquinolme hydrochloride, 
(bs) 4(S)-Methyl-4a(S).7a(S>perfiydro-2-imino- 1 -pyrindine 
hydrochloride, 

(bt) 4(R)-Methyl-4a(R),7a(R)-perhydro-2-iinino- 1 - 
10 pyrindine hydrochloride, 

(bu) 4(S)-Methyl-4a(S),8a(S)-decahydro-2-iminoquinoline 

hydrochloride, 

(bv) 4(R)-Methyl-4a(R),8a(R)-decahydro-2-iminoquinoline 
hydrochloride, 

15 (bw) 2-Iimno-octahydro-qiiinolin-6(5H)-one-6-ethylene 

ketal hydrochloride, 

(bx) 2-Imino-octahydro-quinolin-6(5H)-one hydrochloride, 
(by) 2-Iimno-6-acetyloxy-cts-decahydroquinoline 
hydrochloride, 

20 (bz) 2-Iniino-6-hydroxy-c£s-decahydroquinoline 

hydxochloride, 

(cc) 2-Iixiino-5-methoxy>cis>periiydro-pyrindene 
hydrochloride, 

(cd) 2-imino-S-hydroxy-cis-periiydro-pyrindene 

25 hydrochloride, 

(ce) 2-Imino-5-hydroxy-4a-methyl-trans-(4a,8a)- 
decahydroquinoline hydrochloride, 

(cf) 2-Imino-5-fluoro-5-methyl-cis-(4a,8a)- 
decahydroquinoline hydrochloride, 

30 (eg) 5-Acetoxy-2-iniino-cis-(4a,8a)-decahydroquinoline 

hydrochloride, 

(ch) 5-Hydroxy-2-iniino-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ci) 2-Imino-octahydroquinolin-7(8H)-one-7-ethylene ketal 
35 hydrochloride, 

(cj) 2-Imino-octahydro-<)uinolin-7(8H)-one hydrochloride. 
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(ck) 7-Acetyloxy-2-imino-tiam-(4a,8a)-decahydroquinolme 
hydrochloride, 

(cl) 7-Hydroxy-2-ixnino-trans-(4a,8a)-decahydroqumolme, 
acetic acid salt, 

(cm) 7-AceQfloxy-2-imino-decahydioquinoIine, acetic acid 
salt, 

(cn) 2-Imino-3-Methyl-octahydTo-cis-pyrano/4,i-^ ]- 
pyridine hydrochloride, 

(co) 2-Imino-4-mediyI-octahydro-pyrano/4,i-£77pyridine 
hydrochloride, 

(cp) 2-Imino-4-Methyl- 1 ,3,4.5,7,8-hexahydro-pyrano/4,5- 

^ypyridine, acetic acid salt, 

(cq) 2-Iiniiio-l-methyl-piperidine hydrochloride, 

(cr) N-(l-Ben2yl-2-piperidinyIidene)-N-(phenyl)-urea, 

(cs) N-(2-PiperidinyIidene)-N'-(phenyl)-urea 

(ct)N-[ 1 -(4-Methoxybenzyl)-2-piperidinylidene]-N'- 

(phenyl)-uxea, 

(cu) 2-Iinino-l-(benzylaminocarbonyl)-piperidine, 
(cv) Cw-Octahydro-3-iinino-2H-l,4-benzoxa2ine 
hydrochloride, 

(cw) 2-Iiiiinopipeiazine hydrochloride, 

(cx) 4-Methyl-2-iiiiinopiperazine hydrochloride, 

(cy) 2-Imino-decahydro-ci5-quinoxaline dihydrochloride, 

(cz) 2-Iziiino-decahydio-rran5-qiiinoxaline dihydrochloride, 

(da) 4-6rDimethyl-2-imino-piperazine hydrochloride, 

(db) 2-lmino-4-methyl-6-(2-methylpropyl)-5-oxo- 
piperazine hydrochloride. 

(dc) 4-Benzyloxycarbonyl-2-imino-(l^,3,4)tetrahydro- 
quinoxaline hydrochloride, 

(dd) 4-Acetyl-2-iinino-( 1 ,2,3,4)tetrahydro-quinoxaline 
hydrochloride, 

(de) 2-Iimno-4-methyl-decahydro-/ran5-quinoxaline, acetic 
acid salt, 

(df) 3-Iminothiomoipholine hydrochloride. 
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(dg) 3-Inimo-5-propyl-tfaiomorphoIine, 

(dh) S-Imino-S-mediyl-thiomarpholine, 

(di) S-Imino-S-etbyl-^omorpholine, 
(dj) 3-Immo-5-butyl-thiomoipholine, 

5 (dk) 3-Iniino-5(S)-(2-methyl propyl)-thiomorpholine, 

(dl) 3-Imino-5(R)-(2-methyl propyl)-thiomoipholine, 
(dm) l-(rert-Butoxycaibonyl)-hexahydro-3-iminc>-( 1/0- 1 ,4- 
diazepine hydrochloride, 
(dn) Hexahydro-2-immo-(lii0-1.4-dia2epine 
10 dihydrochloride, 

(do) Hexahydro-2-iimno-5-metfiyl-( 1/0- 1 ,4-diazepme 
dihydrochloride. 

(dp) Hexahydro-2-imino-4-methyl-(l/0-l*^diazepme 
hydrochloride, 

15 (dq) 3-Anmio-hexahydro-2-iiiiino-(l/0-azepine 

dihydrochloride, 

(dr) (5)-3-Amino-2-iminopiperidine dihydrochloride, 
(ds) Hexahydro-3-iiiuno-l,4-oxazepine hydrochloride, 
(dt) Hexahydro-3-iiiiino-l,4-diiazepine hydrochloride, 
20 (du) Hexahydro-3-iniino-5-propyl-(lH)-l,4-diazepine 

dihydrochloride, 

(dv) Hexahydro-3-iimno-S-methyl-(l/0-l ,4-diazepine 
dihydrochloride, 

(dw) 2-Iimno-decahydn>-cis-l,4-benzo(e)diazepine 
25 dihydrochloride, 

(dx) 2-Iiiiino-decahydn>-3H-benz(e)azepiiie 
hydrochloride, 

(dy) Trans-Octahydro-3-iimno-2H-l,4-benzdiiazine, acetic 
acid salt, 

30 (dz) 2-Imino-5(6H)-oxa-£:w-hexahydro-(lH>quinoline 

hydrochloride, and 

(ea) 2-Iimno-4-methyl-5(6H>oxa-ci5-hexahydro-(lH)- 
quinoline hydrochloride. 
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(eb) (2-Immc>-decahydrc>-cis-3H-benz(e)azepin 
hydrochloride, 

(ec) Trans-Octahydro-3-iiiimo-2H-l,4-beiizthiazine, acetic 
acid salt, 

5 (ed) Cis-Octahydro-3-imino-2H-l,4-benzthiaziiie. acetic 

acid salt, 

(ee) 2-Iinino-5(6H)-oxa-cu-hexahydn>-(lH)-quinoline 
hydrochloride, 

(ef) 2-Iinino^inethyl-5(6H)-oxa-cw-hexahydro-(lH> 
10 quinoline hydrochloride, and 

(eg) 2-Imino-decahydio-trans- 1 ,4-benzo(e)diazepine 
dihydrochloride. 



22. A pharmaceutical composition for treating a nitric 

1 5 oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 1 . 

23. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 

20 a non-toxic effective amount of the compound accrding to claim 17. 



24. A method for inhibiting the activity of nitric oxide 
synthases comprising administering to a subject suffering ftom a nitric 
oxide synthase mediated disease, a non-toxic therapeutically effective 
25 amount of the compound of Claim 1 . 
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